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The Luossavaara-Kiirunavaara company, owner of the great 
iron ore fields of Kiirunavaara and Gellivare in Swedish Lapland, 
has in the last years, on the initiative of its director, Dr. Hj. 


Lundbohm, arranged a series of scientific and practical researches. 
Those dealing with the geology of the ore-bearing rocks are, of 
course, among the most extensive. A general survey of the 
geology of the Kiruna district, by Hj. Lundbohm,? and the mono- 
graph cited above are among the papers hitherto published. As 
some knowledge of the geology of the surrounding areas is 
required for the understanding of the author’s work, a very short 
review of these phenomena, especially of the sketch just men- 
tioned, will first be given here. 

The bed-rock in the ore-bearing part of northern Lapland is 
practically unanimously regarded to be of Precambrian age. It 
is composed of superficial and deep-seated rocks, the former 
being predominant. Most common are syenite-porphyries and 
quartz-bearing porphyries, further on, greenstones showing a close 
relationship to the syenite-porphyries. These superficial rocks 
have partly assumed an eugranitic, grained structure, evidently 

*“ Sketch of the Geology of the Kiruna District,” Geol. Foren. Stockholm 


Forh., Vol. 32, 1910, p. 751; also in the guides for the Eleventh International 
Geological Congress, Stockholm, 1910. 
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due to slower cooling in deeper parts of the outflows. Tuff rocks 
are rather common. True sedimentary series also occur: gray- 
wackes, conglomerates and sandstones, sometimes alternating 
with the effusive rocks. The intrusive rocks are granite, syenite, 
diorite, gabbro, diabase and porphyritic dike rocks. The iron 
ores are always associated with rocks of a more or less pro- 
nounced effusive character, generally syenite-porphyries and 
quartz-porphyries of moderate acidity. Because of the continu- 
ous morainic covering, and the great swamps and bogs, exposures 
are generally scant, it consequently being very difficult to make 
out the structure of the region. In this respect, the Kiruna dis- 
trict is most probably the best part, and also with regard to the 
degree of metamorphism. Although the rocks in the region are 
strongly folded—they generally stand nearly vertical—and 
doubtless in part also have been subjected to contact metamor- 
phism, they have within large areas still kept their original struc- 
ture nearly intact. This is the case within the main part of 
the Kiruna district. This district might conveniently be divided 
into two subdivisions, of which the most important (western) 





one comprises the iron ore mountains Kiirunavaara and Luos- 
savaara and their continuation northwards. The direction of 
strike is, in the southern parts nearly north-south, but more to 
the north it turns to west-southwest—east-northeast. The dip 
is generally rather steep to the east or southeast. The examina- 
tions have clearly shown that when going from west to east we 
pass continuously from older to younger members of the series, 
the sequence being : 
(Basement as yet unknown.) 
1. Effusive beds of a peculiar greenstone type (for the present 
called soda greenstone), sometimes with interstratified 
tuff bands. 


to 


The Kurravaara conglomerate, a zone of conglomerate 

probably to a great extent of tuffogeneous origin. 

3. Syenite-porphyries, on Kiirunavaara in the lower part 
crystallized as syenite. 

4. On Kiirunavaara and Luossavaara, magnetite ores. 
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Quartz-porphyry, with an agglomeratic zone. 


nen 


On Luossavaara, a rather narrow band of magnetite.! 

On Luossavaara, northward and a short distance south- 
ward, a series of quartzitic and sericitic rocks (the former 
are silicified tuffs), partly hematite-bearing, with some 
interstratified effusive beds of syenite-porphyry and sub- 
ordinately of quartz-porphyry. 


NI 


8. Phyllite and graywacke, with conglomerates. Among the 
pebbles are quartz-porphyry phases belonging:to no. 5, and 
iron ores. 

9g. Quartzitic sandstone, with conglomerate bands. 

For the sake of simplicity, nos. I and 2 are grouped together 
as the Kurravaara complex, and nos. 7 to 9 as the Hauki com- 
plex. It must be emphasized that this grouping is used chiefly 
in order to obtain convenient terms for these two groups of 
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One Mile 
Fic. 64. Section through Luossavaara W-E. Scale 1:50,000. 1, Soda 
greenstone; 2, Kurravaara conglomerate; 3, syenite-porphyry; 4, magnetite 
ore; 5, quartzites, etc.; 6, phyllite and graywacke; 7, sandstone. 


rocks surrounding the ore-bearing prophyries, and that it does 
not at all mean any real unconformity between the two “ com- 
plexes.” ? The structure of the district is on the whole rather 
regular, although the contact of the quartz-porphyry with the 
Hauki complex in some places is determined by dislocations. 
The eastern district consists mainly of a quartz-prophyry 
chemically similar to no. 5 in the sequence mentioned in the text 
above, but with a different structure, further of a more acid 
quartz-porphyry, of syenite-porphyries and of variable green- 
stones. The structure of the district is very difficult to explain, 
*It is not proved that this little exposed ore body is older than no. 7. 


* The stratigraphy of the district will be discussed in papers in preparation 
by other authors. 
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as the morainic and boggy covering here generally is more con- 
tinuous than in the western district, but it seems that the rocks 
form nearly horizontal beds. From the same cause the boundary 
between the two districts is also unknown, but it must mark 
some dislocation, perhaps an overthrust. 

The monograph by the present writer describes the syenite- 
porphyries, quartz-porphyries and magnetite ores of the western 
district and the bottom parts of the Hauki complex, as well as 
the northern part of the eastern district. The work mainly con- 
sists of petrographic descriptions, giving the macroscopic and 
microscopic characters of the rocks, and of chemical calculations 
based upon nineteen rock analyses (four of which were 
published in 1898 by Lundbohm and Backstrém?), made at the 
laboratory of the Geological Survey of Sweden. Special atten- 
tion is given to facts having a great importance for the problem 
of the origin of the ores. As the author’s results in some rather 
significant points differ from those obtained by previous students 
of the geology of the field in question, he has been obliged to 
treat some parts of the subject in considerable detail, but he has 
tried to arrange the work so as to let a reader wishing to get 
only the chief contents of it find them easily. The theoretical 
statements are therefore brought together in the final chapters. 
The work comprises 278 pages and contains 68 illustrations, 
most of which are photographs of rock outcrops, hand speci- 
mens and thin sections. Together with it is published a geolog- 
ical map of Kiirunavaara and Luossavaara, scale 1: 8000, based 
on examinations chiefly made by Hj. Lundbohm, N. Zeuzén, N. 
Sundius, R. Loostr6ém and the author. 

We first turn to the syenite rocks of the western district, the 
foot wall rocks of the main iron ores. These rocks are rather 
well exposed on the two ore mountains and can be followed to 
a point about seven kilometers northeast of the summit of Luos- 
savaara. The exposures are chiefly found on the mountains. 
Both on Kiirunavaara and Luossavaara and some kilometers 
further to the northeast, the syenite rocks have been found to 


"Geol. Foren. Stockholm Férh., Vol. 20, 1898, p. 68. 
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form only one bed, varying with regard to structure and com- 
position, but with no sharp contacts within it, except in some 
places on Kiirunavaara, where well-defined dikes of syenite-por- 
phyry cut the older main mass of syenite rocks. This absence 
of a sharp contact is especially remarkable with regard to the 
syenite. This relatively -fine-grained rock occurs on western- 
most Kiirunavaara and passes eastwards very evidently into the 
porphyries forming the main mass of the mountain west of the 
ore body. Especially detailed investigations have confirmed the 
opinion that there is a real transition and that no contact between 
the rocks has’ obliterated through any kind of metamorphism. 
According to the author’s opinion, the syenite rocks of Kiiruna- 





One Mile 


Fic. 65. Geological sketch-map of the surroundings of Kiruna. Kiiruna- 
vaara is to the left, Luossavaara to the right. The signs indicate: rings, 
Kurravaara conglomerate; closely dotted, syenite; dotted, syenite-porphyry ; 
short lines at random, quartz-porphyry; lineated, Hauki complex; black, 
magnetite ore. Areas where the bed-rock is unknown (mostly lakes) are 
left white; the heavy broken black lines indicate a fault, else the contact 
between the quartz-porphyry and the Hauki complex is conformable, though 
in some places disturbed by folding. 


vaara (except the dikes) form one bed, the result of a “ Massen- 
erguss”’ to which most probably also the similar rocks of Luossa- 
vaara and those further northeastward belong. The syenite must 
consequently be regarded as the lower part of the extruded body, 
which has cooled more slowly, but the thickness of this body has 
only within a rather narrow area been great enough to produce 
such a structure. 
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in a rather narrow area been great enough to produce such a 
structure. 

The syenite varies considerably as regards aspect and com- 
position. It is as a rule medium- to fine-grained, in the transi- 
tion forms to the porphyries porphyritic; the color is brown, 
gray, grayish-purple or yellowish. Feldspar is the chief consti- 
tuent, an acid albite-oligoclase with high content of perthitic laths 
of potash feldspar. The dominating dark minerals are a diop- 
sidic augite, and magnetite, further on there is titanite and apa- 
tite; biotite, quartz and zircon are more rarely seen. The augite 
is usually more or less uralitized. The structure of the syenite 
is always massive and shows many peculiarities. The augite 
is often intergrown with the feldspar in a very complicated 
manner. A more important feature is the mode of occurrence 
of the titanite, which sometimes forms a kind of matrix to the 
other minerals, filling their interstices, but as a rule occurs as 
evidently new formed in the feldspar or, even more beautifully, 
in the apatite. Transitions between these different structural 
forms occur. The magnetite shows some tendencies of the same 
character, being often squeezed in between the feldspar. The 
author explains the appearance of the titanite as follows: 
The crystallization of the mineral was delayed and it became the 
last crystallizing primary constituent of the rock 





as it seems 
evident that it really has crystallized from the same magmatic 
solution as the other constituents—but it was not in equilibrium 
with the already solidified part of the magma, as it has partly 
replaced the older constituents. 

The syenite-porphyries of Kiirunavaara vary as does the sye- 
nite. They are as a rule evidently porphyritic with phenocrysts 
of feldspar (usually ranging from one up to ten millimeters) 
and of augite or uralite, in a fine-grained or dense ground mass 
of a generally gray or grayish red color. A very conspicuous 
feature is the occurrence of a peculiar nodular structure. The 
nodules are amygdule-like, generally well-rounded, ellipsoidal or 
nearly spheroidal, sometimes elongated and fluidally arranged. 
Most often they are rather sharply defined against the rock con- 
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taining them and are compact or drusy. The most common 
mineral in these nodules is a dark-green hornblende, one or a 
few prisms of which usually form a nodule, but magnetite, tita- 
nite and apatite are also common. More rare is feldspar, which 
when occurring generally coats the walls of the filled cavity. 
Also biotite and some other minerals have been found. When the 
nodules occur scattered in the gray porphyry every one of them 
is surrounded by a light zone some millimeters wide. When, 
on the other hand, the nodules lie close to one another, these 
light rings coalesce and the whole compact rock gets the pinkish 
color of the rings. The microscopic examination of the por- 
phyries shows that the feldspar in their phenocrysts and ground- 
mass has an average composition similar to that of the feldspar 
in the syenite, but the plagioclase component of the phenocrysts is 
somewhat more basic and their potash-feldspar content lower than 
that of the perthite of the syenite, the albite and especially the 
orthoclase molecules being more abundant in the groundmass. 
The augite is similar to that of the syenite and generally strongly 
uralitized. The groundmass consists of feldspar, augite and 
uralite, magnetite, and more subordinately apatite, biotite, etc. 
Titanite appears both in the feldspar phenocrysts and in the 
groundmass and is always evidently newly-formed. The structure 
of the groundmass, especially in the coarser phases, is rather simi- 
lar to that of the syenite, but may also be trachytoidal or spheru- 
litic. The nodules show many interesting features. There are 
often seen hornblendes and especially feldspars which are common 
to a nodule and the surrounding rock, in such a way that they 
on one side point out into the nodule, on the other side continue 
in the groundmass; that is to say, the nodule has, with regard 
to crystals occurring in this way, the character of a miarolitic 
cavity. There are also phenomena called by the author “em- 
bryonal nodules,” indistinctly defined patches in the groundmass 
with coarser grain and partly another composition than that of 
the groundmass in general. The light zones around the nodules 
consist of feldspar groundmass, differing from the normal por- 
phyry groundmass only by the absence of the dark minerals. 
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The pinkish porphyry rich in nodules shows a similar character ; 
with the exception of the nodules it is a pure feldspar porphyry, 
but has quite the same structure as the gray porphyry. 

Among the porphyries already described there appear locally 
“schlieren” of a somewhat different composition. Here and 
there a porphyry occurs, the groundmass of which consists of 





Fic. 66. Thin section of syenite-porphyry from Kiirunavaara, local phase 


rich in magnetite and with nodules of magnetite, hornblende, apatite, titanite 
and feldspar. Ordinary light, magnified ten times. The white zones sur- 
rounding the darker masses of the nodules consist of the zone of feldspar 
groundmass and, within it, of a ring of greater feldspars belonging to the 
nodules and causing the uneven outlines of the magnetite lumps. 


feldspar and up to twenty per cent. or more of magnetite, but 
without dark silicates, and carrying nodules of magnetite and 
other minerals. There are also more rarely seen phases with an 
apatite content of some ten per cent., which at the same time are 
rather rich in magnetite. These phases are by transition forms 
connected with the normal phases already described. 
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Some of the porphyry dikes on Kiirunavaara consist of syenite- 
porphyry and a few of quartz-porphyry. The former gen- 
erally run nearly west-east; some of them are older than the 
great ore body but some are younger, one cutting right across 
the ore. The rock is somewhat more acid than the syenitic rocks 
already described, and further differs from these in a very low 
content of magnetite. Structurally it is most similar to the quartz- 
porphyry forming the hanging wall of the ores. The main 
dike of quartz-porphyry strikes nearly north-south and reaches 
a length of more than two kilometers, with a width of some ten 
meters. A smaller dike cuts the ore in the southernmost part of 
the mountain. The rock is more acid than any other rock of 
the western district, and carries phenocrysts of feldspar and of 
quartz; the groundmass is sometimes beautifully granophyric. 

The syenite-porphyries on Luossavaara are very similar to the 
massive types (1. ¢. those which do not form dikes) of Kiiruna- 
vaara, especially to the gray type predominating there. They 
are sometimes rather @ich in magnetite. To a great extent they 
are interwoven with dikes and veins of magnetite, ranging in 
thickness from some meters down to less than one millimeter. 
Beside the magnetite, there is much titanite, and some quartz and 
hornblende. Veins of quartz and specularite are often associ- 
ated with these dikes. 

To the north of Luossavaara there are some outcrops of a 
grayish porphyry, along the contact with the Kurravaara con- 
glomerate. To the northeast from the same mountain, por- 
phyries are found macroscopically similar to the above described 
gray and reddish phases, but there also appears in considerable 
masses the type rich in magnetite which occurs only subordinately 
on Kiirunavaara and Luossavaara. The normal porphyries con- 
sist of an albite feldspar, whose content of anorthite and of 
intergrown potash-feldspar is very low, and of magnetite as the 
chief dark constituent. The phases rich in magnetite appear as 
“schlieren” among the more normal ones. In them the albite 
mostly seems to be almost pure, and the content of magnetite is 
very high, rising to 30 per cent. or more. Other primary con- 
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stituents make up one or a few per cent. Nodules are common 
and usually consist of albite; there are no light zones around 
them. ‘The structure of the rock is characterized by the fact that 
the magnetite is, as a rule, squeezed in between the feldspars. 

The author proposes the name magnetite-syenite-porphyry for 
magnetite-bearing rocks of this kind. The name ore-porphyry 
has been used by L6winson-Lessing for a similar but more local 





Fic. 67. Thin section of magnetite-syenite-porphyry. Ordinary light, magni- 
fied thirty-five times. White is albite, black is magnetite. 


occurrence in Ural, but the author thinks it necessary to intro- 
duce a name more in correspondence with the common petro- 
graphic terms. 

On Hopukka, a mountain situated about four and a half kilo- 
meters northeast of the summit of Luossavaara, the porphyries 
just described continue, the magnetite-syenitic phases being, how- 
ever, not so common but often exceedingly rich in magnetite. 
The Hopukka rocks show more pronounced effusive characters 
than the hitherto described rocks of the district and often show 
interesting skeleton forms of the magnetite in the groundmass. 
On the eastern slope of the mountain there occurs a reddish gray 
porphyry with quartz amygdules, rather differing from the other 
rocks. Part of these contain as chief constitutent a feldspar 
similar to anorthoclase. The same is the case with the partly 
agglomeratic porphyries on Valivaara, somewhat more to the 
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northeast. The same zone of porphyries seems to be repre- 
sented by scattered outcrops continuing for about two kilo- 
meters further to the northeast, but as the place of this group 
in the sequence became known first during the examinations now 
carried out, they were not included in the author’s field of work 

They are partly amygdaloidal and agglomeratic. 

Above (east of) the syenite rocks follow—on Kiirunavaara 
and Luossavaara—the great iron ores.1 The immense ore body 
of Kiirunavaara forms the backbone of the mountain, rising as 
a bluish black ridge, for the greatest part naked, above the por- 
phyries of the walls. Before the beginning of prospecting work, 
the ore body was exposed on Luossavaara only in the summit. 
The summit of Kiirunavaara reaches a height of 748 meters 
above sea level, or 248 meters above the lake Luossajarvi 
between the ore mountains; the corresponding figures for Luos- 
savaara are 728 and 228 meters. The Kiirunavaara ore body 
reaches a length of somewhat more than five kilometers, three 
kilometers of which form the ridge just mentioned. In this 
ridge, the horizontal width of the ore body is 96 meters and 
the dip 54 degrees to the east, both figures being an average; the 
corresponding thickness measured at right angles to the walls is 
78 meters. The Luossavaara ore is not continuous with that of 
Kiirunavaara. Its length is about 1.2 kilometers, the dip is 65-70 
degrees to the east, and its maximum width 50 meters. The con- 
tacts of the ores with their foot wall rock are on the whole rather 
sharply defined. Dikes and veins of magnetite sometimes run 
out from the ore body and intrude the porphyries, this being 
especially the case on northernmost Kiirunavaara where there 
appear breccia-like phenomena: fragments of porphyry in a 
matrix of ore. The fragments are sometimes completely altered 
to a hornblende felt. Part of the syenitic dike porphyries are 
brecciated in this manner, but the great dike younger than the 
ore body cuts right through the breccia zone, thus showing the 
brecciation to be of a very early date, most probably simul- 

* The size and shape of these deposits, and other features of more technical 
interest, are best described by Hj. Lundbohm, in “ Iron Ore Resources of the 
World,” Stockholm, 1910. 
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taneous with the formation of the ore body. The hanging wall 
contact is even more sharply defined. On Luossavaara, the 
hanging wall rock carries very numerous ore fragments (see 
below ), but on Kiirunavaara the fragment-bearing zone occupies 
a higher level, and near the southern end of the mountain there 
are veins of ore in the wall rock. 

The predominating ore mineral is magnetite, hematite occur- 
ring only in very subordinate quantities. The ore is generally 
very finely crystalline or dense, hard and shows extensive joint- 
ing. Apatite is the most important barren constitutent, both 
quantitatively and from an economic point of view. Further 
there occurs augite, amphibole, and more rarely biotite, titanite, 
tourmaline (only very near the contacts) and zircon in micro- 
scopic grains. The TiO, per cent. is usually about 0.5% or less, 
the sulphur content is practically nil. On the weathered ore ridge 
of Kiirunavaara, the differences between varieties with differing 
apatite content or different structure are admirably exposed. 
The apatite occurs in extremely varying quantities; near both 
ends of Kiirunavaara and in some parts of Luossavaara there 
are areas where the phosphorus percentage runs below the 
Bessemer limit, but in general it is much higher. The apatite 
is now very finely distributed throughout the magnetite mass, 
now concentrated in patches and streaks or rather often 
in very irregular masses reaching more than a meter in diameter 
or in bands running, on the whole, parallel to the general exten- 
sion of the ore body. The boundaries of these apatite concentra- 
tions towards the surrounding ore are sometimes very vague, 
sometimes distinct, very often they enclose fragments of ore. 
The apatite is finely crystalline, white or pinkish. The concen- 
trations often carry a high percentage of evenly distributed 
magnetite, and great areas of the ore surface show a “schlieric”’ 
alternation of ore phases with different apatite contents. A very 
interesting fact has already been described by Stutzer:1 When 
close to apatite concentrations the ore is often much lower in 
apatite than at a greater distance from them. The apatite is a 
fluorine apatite. 


*“ Neues Jahrb.,” Beil. Bd., 24, 1907, p. 548. 
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The microscopic examinations of the ore shows that the mag- 
netite generally has crystallized before the apatite. When this 
is not the case, there sometimes arises a rather regular alternation 
of bands of ore rich in apatite and of pure apatite. In some 
apatite concentrations a beautiful fluidal structure of the trachy- 
toidal type has been found. A rather common and very inter- 
esting phenomenon in ore rich in apatite is the skeleton develop- 
ment of the magnetite. The structure is quite identical with that 
of some Hopukka porphyries, although the size of the skeletons 
is much greater in the ores. Of the other minerals occurring in 
the ores the augite only needs be mentioned here. It occurs 
within some very elongated zones, one following the foot wall in 
some considerable parts of the mountain, the other running more 
within the ore body. The augite is optically quite similar to that 
of the syenite rocks, and like that it is very often uralitized. 
Within the zones just mentioned, the ore is very rich in tabular 
augite and uralite crystals, which are distributed in an ophitic 
manner in the magnetite mass. 

The quartz-porphyry forms the bed-rock on the eastern slopes 
of the two ore mountains and within the main part of the muni- 
cipality of Kiruna. It is always a distinctly porphyritic rock 
carrying numerous rounded feldspar phenocrysts, about one cen- 
timeter in size, but no phenocrysts of quartz. The color of the 
feldspar is generally red, while the mostly dense groundmass is 
red, grayish red, or sometimes dark gray. The feldspar forming 
the phenocrysts is perthitic, the plagioclase component being 
albite. The groundmass is much more fine-grained than that of 
the syenite-porphyries, and consists of feldspar, quartz and some 
magnetite. The structure is microgranitic or micropoikilitic, in 
some cases spherulitic. The quartz content of the rock is 15-25 
per cent., the magnetite content may sometimes rise to 10 per 
cent. or more. 

On Luossavaara, and some kilometers to the northeast of this 
summit there is an agglomeratic zone within the quartz-porphyry, 
carrying fragments of syenite rocks and of different varieties of 
the quartz-porphyry. Close to its eastern border, especially on 
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and northeast of Luossavaara, the quartz-porphyry is interwoven 
with dikes and veins of finely crystalline apatite. These dikes, 
some of which show a thickness of more than one meter, are 
generally sharply defined towards the surrounding porphyry and 
very rich in angular fragments of the same. The apatite is 
in every respect quite similar to that occurring in the ore bodies. 
Some dikes are very rich in magnetite and hematite, and then the 
mixture of these two minerals and the apatite gives rise to struc- 
tures similar to those of ore phases rich in apatite. The dikes 
are often striped by alternating bands of ore and of pure apatite. 





Fic. 68. Dike showing alternating bands of magnetite (black) and apatite 
(white). The hammer lies on porphyry, which appears gray. 


Some dikes contain much tourmaline, and quartz and albite are 
sometimes seen. Flow-structures occur, and orientated inter- 
growths of the minerals are rather common. On eastern Kiiru- 
navaara there occur small “schliere”-like dikes of magnetite. 
There are also some very nonhomogeneous ore bodies rich in apa- 
tite, surrounded by the quartz-porphyry. Fragments of apatite- 
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bearing ore quite similar to that of Kiirunavaara are common in 
some parts of the quartz-porphyry area, and are especially well 
exposed on the summit of Luossavaara. They are often angular, 
but sometimes evidently fused. 

On the eastern slope of Luossavaara there occurs east of the 
quartz-porphyry a relatively narrow band of magnetite ore rich 
in apatite, called the “Rektor”’ ore. It carries some albite, and 
its general characters point to a close relationship to the apatite 
dikes. The same is the case with some ore bodies somewhat 
more than two kilometers further to the northeast, within the so- 
called Nokutusvaara ore field, which perhaps occupies the same 
level. More to the northeast within the same field, the bed-rock 
is a syenite-porphyry whose relations to the other rocks of the 
region are unknown. This porphyry contains “schliere”’-like 
segregations of magnetite ore rich in albite and apatite. 

On Luossavaara there occurs a peculiar quartz-feldspar rock, 
resting on the “Rektor” ore, or immediately on the quartz- 
porphyry. This rock is regarded as the lowest member of the 
Hauki complex. It seems to be a quartz-porphyry tuff, but 
differs widely from the quartz-porphyry described above. It is 
strongly silicified. Above it follows the series of mainly quartz- 
itic rocks which, as stated above, show a very strong silicifica- 
tion and probably are of tuffogeneous origin. These rocks carry 
hematite ore which sometimes seems to be of epigenetic origin, 
but sometimes perhaps is sedimentarily deposited. Interesting 
is the barite, albite and orthite content of these quartzose 
hematite ores. They are very evidently the results of late- 
volcanic processes, but the material obtained from the field of 
work of the author is not enough for the explanation of the 
details of their deposition. One may expect better data from the 
works on the whole Hauki complex which are now being pre- 
pared. 

In the eastern district, the dominating rock is a quartz-por- 
phyry, chemically identical with that of the western district, but 
differing with regard to the structure. The feldspar phenocrysts 
are smaller and generally less numerous, and the groundmass is 
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somewhat more coarse-grained and granulitoid. This latter 
structure may perhaps be the result of contact metamorphism. 
The porphyry is best exposed at the hill of Tuolluvaara, where it 
contains dike-like or irregular ore masses with a thickness some- 
times rising to nearly 20 meters. The ore bodies send out innu- 
merable dikes and offshoots in the wall rock which thus becomes 
quite interwoven with dikes and veins. The ore is, on the 
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Fic. 69. Magnetite dikes in quartz-porphyry, Tuolluvaara. 


whole, lower in phosphorus than that of Kiirunavaara and Luos- 
savaara. It is more granular than these ores and carries, besides 
apatite, amphibole and sometimes biotite. 

Five kilometers north of Tuolluvaara, on a mountain called 
Sakaravaara, which marks the northern end of the eastern dis- 
trict, there occur syenite-porphyries allied to the soda green- 
stones, and a rather acid quartz-porphyry with quartz pheno- 
crysts. This porphyry seems to form a nearly horizontal bed, 
lying above the syenite-porphyries. Except on Sakaravaara, the 
quartz-porphyry of Tuolluvaara is the predominating rock 
throughout the eastern district. 
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In the theoretical statements, the chemical characters of the 
igneous rocks described are first discussed. The general features 
point to an alkaline character, this being seen among other 
things from the fact that the analyses as a rule belong to the 
peralkalic rangs in the American system, the quartz-porphyries 
belonging to the subrangs liparose and kallerudose, while the 
syenite rocks mostly are umptikases or ilmenoses. Also the 
5th subrang of umptikase is represented, the persodic charac- 
ter being especially pronounced in the magnetite-syenite-por- 
phyry; because of that the writer proposes the name Kirunose 
for this subrang. Despite this alkaline character of the rocks, 
there are found no alkali rocks in a proper sense, carrying dark 
alkali silicates or feldspathoid minerals, but some altered soda 
greenstones may originally have contained some mineral, of these 
kinds. <A special attention is given to the magnetite-syenite- 
porphyry, and the author mentions the other occurrences of this 
kind in Lapland and a case from Ural, described by Hégbom 
and more in detail by Lowinson-Lessing. 

The origin of the nodules is discussed much in detail. Back- 
strom! has explained them as vesicles in the lava, filled by a 
pneumatolytic action younger than the crystallization of the rock. 
The present author, on the other hand, is of the opinion that 
they form concretionary bodies in the porphyries and have 
crystallized under igneous or aqueo-igneous conditions, and pass 
into the normal groundmass on one hand, and into true vesicles 
on the other hand. Among the numerous phenomena referred 
to as arguments for this opinion may be mentioned the occur- 
rence of the “embryonal nodules,” and the nature of the light 
rings which may here be summarized, so that the composition of 
a pinkish feldspar rock, its dark nodules included, is the same as 
that of a gray porphyry without nodular structure. 

As regards the metamorphic processes within the region, the 
author has arrived at the result that they have been compara- 
tively slight, the rocks having as a rule still kept their original 
structure rather intact. As an example may be mentioned the 


* Op. cit. 
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circumstance that the quartz grains show no or only exceedingly 
slight crushing phenomena. A short survey is also given of the 
formation of the uralite and of other amphibole of secondary 
origin. 

A very important point is the mode of eruption of the igneous 
rocks. While Lundbohm and Backstrom! regard them as effu- 
sives, Stutzer® considers them as intrusives, giving some arguments 
for this view. The author discusses every one of these argu- 
ments and cannot find any one of them convincing. Moreover an 
intrusive origin for these rocks is utterly incompatible with the 
whole geology of the district. No one of those who have 
studied the general geology of the tract and not only the ore 
deposits is in doubt in this case. As mentioned above, the author 
regards the- syenite rocks as probably formed by one im- 
mense outflow of viscous lava, while the quartz-porphyry may 
possibly consist of flows very little different in age and separated 
by the Luossavaara agglomerate. The porphyries of the eastern 
district are probably mainly effusives, but no decisive proofs for 
this view can be obtained. 

Lastly, the author takes up the question of the origin of the 
iron ores. This is of course, interesting as may be the geology 
of the region also in other respects, the main problem. Especially 
is it true for the monograph now in question for it has no 
direct bearing on the problems of Precambrian stratigraphy as 
will have the monographs on the partly sedimentary complexes. 
The author gives a short review of the different explanations 
proposed, and summarizes the results of the previous literature 
in this way: Only two chief theories can be considered, the others 
being already proved to be wrong. The magmatic theory was 
first very vaguely proposed by L6fstrand, then more decidedly by 
Hogbom, chiefly with regard to the similar ores in Ural, and 
lastly very decidedly by Stutzer, who regards the ore as “eine 
gewandute magmatische Ausscheidung.” Against this theory 
stands the pneumatolytic-sedimentary one, proposed by Back- 

* Op. cit. 
? Op. cit. 
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strom and defended by De Launay.' According to this theory, 
the ore should be deposited at the surface from gases and hot 
solutions. 

The author calls the ores magmatic, but as regards the nature 
of the differentiation process as well as the mode of eruption 
he tries to enter more into detail than Hogbom and Stutzer 
have done, and in both subjects his opinion comes somewhat nearer 
that of Backstrom. The arguments for the magmatic theory 
are first enumerated: All the constituents of the ore (the rare 
tourmaline possibly excepted) appear also as primary consti- 
tuents of the surrounding igneous rocks. Especially to be em- 
phasized is the fact that the augite of the ore is similar to that of 
the rocks, and that it is rather anigneous mineral. The structures 
of the ore furnish the most important proofs. The fluidal struc- 
tures are surely primary, as they appear in ore certainly not 
influenced by a metamorphism capable of giving rise to a second- 
ary structure of this kind. The structure of the augite-bearing 
ore, which shows an ophite-like distribution of the silicate, is a 
good magmatic structure and can hardly be explained in any 
other way. The ore showing skeleton forms of magnetite is 
also a very important phenomenon. ‘The identity between this 
structure and that of some porphyries is perhaps the most deci- 
sive proof of the igneous origin of the ores. The geological 
mode of occurrence of the Tuolluvaara ores is very strongly in 
favor of the magmatic theory, while concerning Kiirunavaara 
and Luossavaara only the ore dikes in the immediate foot wall 
can be referred to. As on Kiirunavaara these dikes, however, 
are shown to have been formed at least practically at the same 
time as the ore bodies themselves. They may therefore be also 
counted as important arguments. As an argument against the 
pneumatolytic-sedimentary theory may be pointed out the fact 
that, if the iron had emanated as halogen compounds, the enor- 
mous masses of acid ought, during their escape, to have left some 
traces in the foot wall rocks. According to the author’s opinion, 
the most important argument for this theory becomes insignifi- 
cant, as the nodules no more can be pointed out as proofs of a 


* Annales des Mines, 1903. 
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strong fumarolic action after the complete solidifying of the foot 
wall rocks. 

While the author regards the magmatic origin of the ores as 
proved, he is not so sure as to the nature of the differentiation 
processes which have resulted in this product. The magnetite- 
syenite-prophyries are cited as showing that syenite magmas can 
carry an iron content comparable with that of gabbroid rocks. 
A comparison between the ores at Kiruna, and the well-known 
titaniferous ores occurring in gabbros, anorthosites and related 
rocks, shows some important differences, especially when regard- 
ing not only the main ores at Kiruna but also the apatite dikes, 
the “ Rektor”’ ore, etc., which must have a similar origin. The 
case is that these ores show some pneumatolytic features which 
are totally wanting in the titaniferous ores. From this fact the 
author draws the conclusion that the ores “represent the. last 
crystallizing parts (7. e., the parts having the lowest temperature 
of crystallization) of the series in which the differentiation of 
the original parent magma has resulted.” “The main ores 
which are almost free from ‘ pneumatolytic’ substances—except 
the apatite—must have crystallized under magmatic conditions, 
similar to those under which the rocks were formed; the apatite 
dikes, though having magmatic structures, must be akin to 
pegmatites. The hematite ores are not igneous and perhaps not 
eruptive in a proper sense, though their deposition may be 
regarded as one of the last phases of the volcanic activity.” 

The author reviews some examples of magmatic and contact 
deposits, which probably .are of the same nature as the Kiruna 
ores, and points out the very great probability of the existence 
of a differentiation type quite different from the titaniferous ores, 
1. ¢., that called by Leith the “ pegmatite type,” to which, accord- 
ing to the opinion set forth above, the Kiruna deposits are to be 
assigned. 


With regard to the mode of eruption of the Kiirunavaara and 
Luossavaara ores, the author is of the opinion that they have 
been extruded as superficial lavas; the local existence of small 
ore veins in the hanging wall of Kiirunavaara is probably due to 
after action. 
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THE PARAGENESIS OF BRITISH ORES. 
A. MONCRIEFF FINLAYSON. 


INTRODUCTION. 

In a previous paper I gave the results of observations on the 
paragenesis of minerals in the lead and zinc veins of Great 
Britain.1 The present paper summarizes the results of more 
extended work, embracing tin, copper and lead-zine ores, and 
their associates. The chief method employed was the examina- 
tion of polished specimens in reflected light, thin sections being 
also sliced in the case of transparent minerals. The latter 
method was found valuable for observations on metasomatism, 
which is a common phenomenon with some of the minerals, and 
which throws much light on the order of deposition. Field 
examination, and the observation of hand-specimens, give very 
unreliable results, owing to the rearrangement and recrystalliza- 
tion of minerals since their primary deposition, and to the diffi- 
culty of eliminating the effects of secondary alteration. Further, 
brecciation and recementation of the eres on a large scale is fre- 
quent in many vein-districts of Great Britain, and this also ob- 
scures the normal order of deposition. The earlier workers on 
the Cornish tin veins, notably J. Carne and W. J. Henwood, 
endeavored to deduce the order of arrival of the ores from ob- 
‘comby”’ veins. But 
frequent anomalies and extensive brecciation render this method 


‘ ” 


serving the succession in banded and 


precarious. Likewise, the successions observed in the handsome 
crystal-groups which adorn museum cabinets, are valueless in 
the study of paragenesis, when compared with the results of 
microscopic work on selected ores. 
The veins of Great Britain offer several well-marked types. 
Lead-zine veins, with fluorspar, calcite and barytes in varying 
*“ Ore-Deposition in the Lead and Zinc Veins of Great Britain,” Quart. 
Journ, Geol. Soc., LXVI., 1910, p. 313. 
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proportion, are widely distributed. Tin-tungsten veins, with 
chalcopyrite, are confined to the Cornwall and Devon area, and 
copper veins occur, in addition, in scattered localities in the other 
districts of lead and zine ores. The localization of copper ores, 
in comparison with the wide distribution of the more mobile 
lead-zine ores, is a striking feature. The minerals may be con- 
sidered in three groups, namely, (1) the tin-tungsten phase, with 
its pneumatolytic associates; (2) the copper phase, or phase of 
deep sulphides, accompanied by gold, and frequently by rare 
minerals, and (3) the lead-zine phase, or phase of shallow sul- 
phides. The copper phase is essentially transitional, bridging 
the gap between the ores of the other two phases. 


THE TIN-TUNGSTEN PHASE. 


. 

The minerals of this phase, whose relations were chiefly 
examined, included cassiterite, tourmaline, magnetite, apatite, 
fluorspar, wolfram, scheelite and arsenopyrite. The history of 
ore deposition in Cornwall has been complex, and a microscopic 
examination of the ores frequently reveals several stages of 
mineralization alternating with brecciation and reopening of the 
veins.? 

Of the above minerals, the two earliest are in general apatite 
and magnetite. Apatite occurs commonly in prismatic crystals 
which may be enclosed indifferently by magnetite, tourmaline, 
or cassiterite. Cassiterite is sometimestseen moulded on apatite, 
and fine needles of apatite are frequently enclosed in magnetite. 
The steel-gray magnetite, which may develop a gridiron structure 
with polishing, generally occurs in isolated grains and crystals, 
but both tourmaline and cassiterite were observed deposited 
round it. 

Cassiterite and tourmaline come next in order. The two 
minerals are sometimes intergrown, and appear to be practically 
contemporaneous, but they tend to crystallize out separately. 

Fluorspar, in characteristic cubes, is generally later than cas- 


*J. S. Flett in “Summary of Progress for 1902,” Geol. Survey Great Brit- 
ain, London, 1903. 
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siterite and tourmaline, and continues to appear along with the 
latest minerals of this phase. It has a strong tendency to de- 
velop by metasomatic replacement, and was observed replacing 
the fluor-apatice in thin sections. 

Wolfram in most cases follows cassiterite, and may be seen 
deposited on this mineral, as well as on apatite and magnetite. 
Small cassiterite needles were observed enclosed in crystals of 
wolfram, and one specimen showed threads of wolfram penetrat- 
ing and partially replacing magnetite. 

Scheelite appears to be, in nearly every case, of metasomatic 
origin. Thin sections showed scheelite with residual grains of 
apatite enclosed in it, while scheelite is sometimes seen deposited 
on apatite. Specimens of wolfram and scheelite in contact gen- 
erally show the scheelite spreading along the cleavage planes of 
the wolfram, and replacing the darker mineral. This appears 
to be one of the chief modes of formation of scheelite in the 
Cornish veins. 

Arsenopyrite is a persistent mineral, associated with nearly all 
the other ores of these veins. It is, however, generally deposited 
on the heavy minerals, and is distinctly later than both cassiterite 
and wolfram. It is sometimes metasomatic after wolfram. It 
is the characteristic sulphide of the pneumatolytic phase, and 
serves, paragenetically, to connect the ores of this phase with 
those of the succeeding copper phase. 

The general order of deposition of the minerals here observed 
is as follows: (1) apatite, (2) magnetite, (3) cassiterite and 
tourmaline, (4) wolfram, (5) scheelite, arsenopyrite, and fluor- 
spar. The relations of the last three minerals are not very clear, 
as they generally form independently. All three are prone to 
metasomatic formation from the older minerals. Fluorspar was 
observed in small cubes replacing granular scheelite, but it is 
doubtful if this indicates the normal order of formation. The 
reverse change is equally possible. Scheelite, it may be noted, 
is confined to this phase, while fluorspar extends into the succeed- 
ing phases, and is particularly abundant with galena. 
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THE COPPER PHASE. 


Chalcopyrite is the characteristic mineral of this phase. Pyr- 
rhotite accompanies it in some localities, while arsenopyrite may 
also occur. Pyrite is sometimes the dominant sulphide, as in the 
pyritic ore bodies of Avoca, Co. Wicklow, but is often absent. 
Rare minerals may occur in this phase, and are frequent in the 
Cornish area, including pitchblende, and the subordinate sul- 
phides of bismuth, cobalt, and nickel. 

When pyrite is present in quantity, it is generally: the earliest 
of these minerals. Thus, in the dense pyrite ore of the Avoca 
deposits, chalcopyrite occurs as grains and irregular strings run- 
ning through the mass of pyrite. In this ore, also, galena and 
blende are. found deposited on or enclosing pyrite. Otherwise, 
pyrite is one of the last, and least abundant, of the minerals of 
both this and the next phase. In the normal copper and lead- 
zinc veins, it is found only in small quantities, deposited on any 
or all of the other sulphides. In many such cases, indeed, it is a 
mineral of secondary origin. The relative abundance of pyrite 
seems to have affected its place in the order of deposition. Its 
relation to pyrrhotite was not observed. 

Arsenopyrite is one of the later minerals of this phase, and is 
found enclosing chalcopyrite. Microscopic examination of some 
specimens showed grains and partially formed prisms of pale 
arsenopyrite replacing massive corroded pyrite. This may have 
been an effect of secondary alteration, but as a rule arsenopyrite 
appears later than pyrite, although it crystallizes also in deeper 
zones where pyrite is not found. 

Of the two minerals chalcopyrite and pyrrhotite, the latter is 
the earlier. The light bronze pyrrhotite occurs in irregular 
grains and masses, enclosed in yellow chalcopyrite, and fre- 
quently traversed by strings of chalcopyrite along minute frac- 
tures and in solution-cavities. As already mentioned, chalco- 
pyrite occurs traversing pyrite, while it may also be enclosed in 
or wrapped round by steel-white arsenopyrite. 

Sulphides of bismuth, nickel, and cobalt occur rarely and in 
small quantities in the British vein districts, but they show a 
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general tendency to accompany chalcopyrite and its associates. 
No satisfactory specimens could be secured to show the relations 
of these minerals to one another, but as a rule they are later than 
and deposited on chalcopyrite. Some granular masse§ of co- 
baltite were seen enclosing crystals of chalcopyrite. 

When galena and blende are present, they are invariably later 
than chalcopyrite and pyrite. With the appearance of lead and 
zinc ores, we pass to the third phase. 


THE LEAD-ZINC PHASE. 


The minerals characteristic of this phase are galena and blende. 
with some chalcopyrite. Calcite and some quartz, fluorspar, and 
barytes are the common gangue minerals. Of the sulphides, 
chalcopyrite is the oldest. It occurs generally in well-formed 
crystals, on which the other two sulphides are moulded. Fre- 
quently, granular masses of galena, as well as of blende, enclose 
scattered crystals of chalcopyrite. This mineral appears to be- 
long to a distinctly older stage of deposition than galena and 
blende. The latter sulphides are often intergrown and exhibit 
variable relations. In most cases, however, blende is the older, 
and occurs as rounded or corroded crystals which are enclosed 
in galena. 

Quartz and calcite occupy no definite position, so far as can be 
ascertained. They have been deposited in varying amounts at 
all stages, and occur equally with the earlier and later sulphides. 
This is especially the case with veins in the limestone districts, 
where calcite is the prevailing gangue, and has been deposited 
at different times, both during the primary filling of the veins 
and during subsequent rearrangement. 

In the lead-zinc veins, pyrite and marcasite, with arsenopyrite. 
are the last minerals in the sequence, and appear generally as 
crystals deposited on any of the other ores. They appear in 
these circumstances, however, to be the result of secondary 
processes. Indeed, it is difficult to assign a definite position to 
pyrite, as it occurs associated with nearly all the other sulphides 
here considered, and its relations are often conflicting. As a 
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primary mineral, however, it is certainly one of the older sul- 
phides. 

In the case of barytes, the most significant fact is the tendency 
for barytes and galena to separate into different parts of one and 
the same vein. Veins with a gangue of barytes are seldom rich 
in galena, and vice versa. Exceptions may be seen, but this rule 
generally holds good, that the appearance of barytes in quantity 
heralds an impoverishment with respect to galena. It is, indeed, 
difficult to secure specimens which show the two minerals in 
intimate relation. It appears evident that both minerals were 
practically contemporaneous, and that the local conditions which 
favored the deposition of the one were unfavorable to the other. 
The formation of barytes seems to require oxidizing conditions, 
under which galena would not be deposited. Baryées, in general, 
seems to have been approximately contemporaneous with galena 
and blende. It sometimes encloses scattered crystals of chalco- 
pyrite. 

Fluorspar, in the phase under consideration, is essentially a 
metasomatic mineral. It is practically confined to those veins 
which traverse limestone or other calcareous rocks. In such 





Fic. 70. Irregular crystals of galena replacing fluorspar along a fissure filled 
with brecciated fluorspar. Rookhope mine, Weardale, Durham. Transmitted 
light. X 30. 
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cases it is very abundant. Thin sections of the gangue and of the 
adjoining country rock show the replacement of limestone, dolo- 
mite, and recrystallized calcite by fluorspar. The fluorspar 
occurs generally in cubes which spread into the rock, along cracks 
and fissures, completely replacing it, with the formation of a 
compact mass of the ore. It is sometimes seen enclosing chalco- 
pyrite, while its priority to galena is seen in its replacement by 
this mineral. This mode of deposition of galena is often seen 
under the microscope, especially where the fluorspar has been 
crushed or fissured by movement. Galena then appears in scat- 
tered grains along these fissures, gradually replacing the fluor- 
spar and forming a compact mass of granular ore. The galena 
thus formed rarely shows good crystal outlines. Blende also, 
but to a lesser extent, may replace fluorspar in a similar manner. 


SUMMARY. 


The results of the above observations are here tabulated. In 
some cases, the observed relations are fairly definite, and leave 
little room for doubt. In other cases, however, the relations may 
be open to more than one interpretation. The order given is 
believed to be correct in the main, though exceptions are frequent. 
The disturbing element of secondary alteration, to which many 
of the exceptions are due, was excluded, as far as possible, in the 
collection of specimens. Pyrite and arsenopyrite are the most 
difficult minerals to deal with, as they occur, to a certain extent, 
in all the three phases studied. The positions assigned to them 
in the appended list must be regarded as only provisional, but 
they indicate their relations in most of the specimens examined. 


. Galena. ) 

. Barytes. 
. Blende. | one 
. Fluorspar. 


. Chalcopyrite. 


3. Lead-Zine Phase % :i.35 | 


eH ow 


Arsenopyrite. 
. Chalcopyrite. 
2. Pyrrhotite. 
1. Pyrite. 
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5. Arsenopyrite, scheelite, fluorspar. 
4. Wolfram. 
1. Tin-Tungsten Phase .... 2 3. Cassiterite, tourmaline. 
2. Magnetite. 
1. Apatite. 


The physical conditions attending ore-deposition in the dif- 
ferent phases undoubtedly affect the paragenetic relations of the 
minerals. These relations can only be satisfactorily determined 
after the elimination of accidental and anomalous cases by more 
extended work. The persistence of fluorine, from the earliest 
apatite, to the much later fluorspar associated with galena and 
blende, is worthy of note, and supports the view that the ores 
have all been derived from one and the same process of magmatic 
extraction, the magma being probably granitic. 

The following cases of metasomatism among the primary 
ores, were all observed in the present work. Pseudomorphs, 
which are mostly of secondary origin, are not included. 

Apatite to scheelite and to fluorspar. 
Scheelite to fluorspar. 

Calcite to fluorspar. 

Magnetite to wolfram and to arsenopyrite. 
Wolfram to arsenopyrite. 

Wolfram to scheelite. 


These cases have all an element or radical in common. It is 
in such circumstances that the order of deposition is most clearly 
shown. Minerals such as cassiterite and tourmaline, on the 
other hand, are frequently intergrown, but this is seldom the 
case with the various sulphides, which generally show a definite 
order of deposition, whether metasomatic replacement has oc- 
curred or not. 

SECONDARY MINERALS. 


Products of secondary alteration in the ores here examined are 
numerous and have been the subject of much study by mineralo- 
gists. In particular, two minerals, which are concluded to be of 
secondary origin in all cases, were examined in the present work. 
These are native silver, and chalcocite. 
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A considerable number of specimens of galena, taken from 
deep workings, were examined, but in none of these could any 
silver or silver-bearing mineral be identified by any etching 
reagent. All the unaltered argentiferous galenas examined 
appear to carry their silver (in amounts up to ten ounces per 
ton of galena) either in a state of extremely minute dissemina- 
tion or in isomorphous combination with the galena. On the 





Fic. 71. Veinlets of secondary native silver (dark) traversing galena. Ore 
from Leadhills, Scotland. Reflected light. > 400. 


other hand, some specimens of highly argentiferous galena, taken 
from within the zone of secondary enrichment, showed under the 
microscope threads and strings of native silver occupying cleav- 
age-cracks in the ore. In all the specimens secured, the differ- 
entiation of silver in galena is undoubtedly an effect of secondary 
alteration. 

On the other hand, the cupriferous pyrite of the Avoca de- 
posits (Co. Wicklow), and of Parys Mountain (Anglesea), car- 
rying I or 2 per cent. of copper, contains the copper as fine 
grains and strings of chalcopyrite traversing the pyrite, exactly 
as in the lean pyritic ore of Rio Tinto.'' The Avoca and Parys 

‘A. Moncrieff Finlayson, “ The Pyritic Deposits of Huelva, Spain,” Econ. 
Geor., V., 1910, pP. 417. 
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ores have, further, been profoundly enriched, with the formation 
of much chalcocite. This first appears round the chalcopyrite 
grains, replacing them, and growing into larger irregular bunches 
of chalcocite, while the pyrite becomes porous and corroded. Ali 





Fic. 72. Masses of secondary chalcocite (black) replacing pyrite in enriched 
ore. Avoca, Co. Wicklow, Ireland. Reflected light.  Ioo. 


the chalcocite observed in these ores is of secondary origin, 
formed, not from copper combined with the pyrite, but from 
grains of primary chalcopyrite in the pyrite. 

The loss of silver during the wet concentration of some lead 
ores, and the adaptability of certain lean copper ores to the 
leaching process, seem to be both due to phenomena of secon- 
dary alteration and enrichment, as indicated above. The facts 
strongly suggest the application of the microscope in the study 
of opaque minerals to problems of ore-treatment. 
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THE IRON FORMATION OF THE CUYUNA RANGE. 


Francis S. ADAMS. 
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INTRODUCTION. 


This article is mainly a discussion of the iron formation of the 
Cuyuna Range, with some reference to its relation to the general 
geological structure of the region. The chemical, mineralogical 
and physical characteristics of the different rocks making up the 
iron formation are discussed in their bearing on the development 
and origin of the ore deposits. 

It is hoped that the facts here presented will assist the explorer 
in locating prospective ore deposits on the Cuyuna Range. 

The treatment in this paper of the origin and development of 
the Cuyuna Range ores is along the same lines as that already 
worked out by Van Hise and Leith and others for the Lake 
Superior iron region as a whole. Methods developed by them 
were applied to the problem of the Cuyuna district and the nature 
of the development of ore bodies on this range was found to be 
nearly identical with that for the other ranges, differing only in 
one or two minor points which have been brought out. 
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and suggestions given him by Dr. C. K. Leith while the article 
was in preparation; also to W. J. Mead for the use of certain 




















Fic. 73. Map of the Cuyuna Iron Range. The dotted lines are 
magnetic belts. 


diagrammatic methods of treatment developed by him and to the 
various operators on the Cuyuna Range for the free access given 
to their records and data. 


PART I. 
A SYNOPSIS OF THE GENERAL GEOLOGY OF THE DISTRICT. 


GEOGRAPHY AND TOPOGRAPHY. 


The Cuyuna district lies in the north central part of Minne- 
sota, extending in a general northeasterly and southwesterly 
direction across Crow Wing County into Aitkin County on the 
east and Morrison and Todd Counties on the west. The Missis- 
sippi River extends along the north side of the district and turn- 
ing south at Brainerd, Minn., cuts across the southwestern end 
of the range. The exact townships into which exploration has 
been carried up to the present are given under the discussion of 
the distribution of the Deerwood formation. Reference to the 
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accompanying sketch map also shows the geography of the 
district. 

That branch of the Northern Pacific railroad running east to 
Duluth, Minn., from Staples, Minn., passes through the entire 
length of the Cuyuna district. The towns along the railway 
which are also located on the Cuyuna range are, from west to 
east, Phillbrook, Brainerd, Deerwood, Aitkin and Kimberley. 
Randall, Lenox and Crowing on the line of the Northern Pacific 
from Brainerd to St. Paul also fall within the confines of the 
district. A recently completed branch of the “Soo” road enters 
the district from the southeast from Moose Lake, Minn., cutting 
across the Cuyuna range proper west of Kimberley on the 
Northern Pacific. Recently exploration has been carried on in 
the vicinity of the north side of Mille Lac Lake some fifteen 
miles south of Deerwood, Minn. Magnetic attraction in belts 
parallel to those already developed on the range have been found 
at this point but drilling has not yet proven the presence of the 
iron formation. 

The extreme western portion of the Cuyuna district in Todd 
County in townships 133-32 and 133-31 has not yet been con- 
nected by drilling or by presence of continuous magnetic belts 
with the range proper. A gap occurs from a point west of Ran- 
dall to a point near Phillbrook on the Prairie River in Todd 
County. : 

The range as a whole presents an area for exploration of 
some 38,000 to 40,000 acres. 

The average elevation above sea level of the Cuyuna district 
is about 1,230 feet, or some 600 feet above the level of Lake 
Superior, the extremes being 1,150 feet and 1,300 feet. In other 
words the district as a whole has a flat level surface. The irreg- 
ularities of the surface are due to small glacial hills or knolls and 
numerous small glacial depressions now occupied by lakes. 
These minor irregularities give the district a rolling topography. 

The Cuyuna district is an area of glacial deposition rather 
than glacial erosion. No rocks outcrop throughout the entire 
district save a few small ledges in the southeast corner of the 
range in township 47-25. 
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THE GEOLOGICAL SUCCESSION. 


Since there are no rock outcrops on the Cuyuna Range the suc- 
cession of those formations known to be represented in this dis- 
trict can only be told by the records of the drill holes and the 
two shafts now sinking. Nearly 2,000 holes have been sunk on 
the entire district to date. Below is the geological table for the 
district, the formations in point of age reading from the 
bottom up. 


Glacial Drift. 


Cretaceous ........ Conglomerate. 
Keweenawan ...... Intrusive diorites and diabases. 
Slate. 
Upper Hiiicdon 4th Formation (in lenses distributed through the slate). 
| Quartzsite? and Quartz Schists? ° 


Exploration on the Cuyuna Range has not yet exposed rocks 
of Lower Huronian or Archean age, so nothing can be said as to 
their characteristics for the district. 


The Upper Huronian. 


The Upper Huronian sediments are the series of chief impor- 
tance in the Cuyuna district, containing as they do, the iron 
formation member. 

The Upper Huronian consists mainly,of a thick slate formation 
composed of pyritic and graphitic stratified slates. Imbedded in 
this slate formation are lenses of the Deerwood or iron formation, 
the distribution and detailed consideration of which are taken up 
in another part of this paper under the heading “The Deerwood 
Formation.” Quartzite has been encountered in two localities, 
seemingly underlying the slate formation. 

Slate-—Most of the slate is schistose. Other portions of the 
slate member have suffered little deformation by flow and are 
non-schistose. The above, with the fact that the slate contains 
quartzitic, limy, and carbonaceous shaly phases, gives to the 
slate member a variety of appearances as encountered in different 
localities by drilling. 
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A light gray or green colored schistose slate is probably the 
most abundant phase of the slate member on the Range. This 
type is quite soft and cleavage by flowage has been developed to 
such an extent that nearly all traces of bedding are obliterated. 
Small mica flakes, developed by the extreme deformation, are 
scattered abundantly through the mass. 

The above type of slate is met with in all parts of the dis- 
trict and forms the “hanging” wall to many of the ore deposits 
of the south range. 

The phase of the slate member next in abundance is probably 
the black slate. This is dark, almost black, in color, shows 
bedding and. has not been rendered so generally schistose as the 
green or gray slate previously mentioned. It is moreover harder 
than the gray green schists. It is quite graphitic and contains 
bands of pyrite in some localities, notably in section 16-46-28. 
This black graphitic pyritic phase is shown typically by drilling on 
section 24—47—29 northwest of Rabbit Lake. It was encountered 
in great abundance in the Rice River locality, northeast of Aitkin 
in townships 48-26 and 47-26 and in township 136-26, north 
from Deerwood. At Cedar Lake, between Aitkin and Deerwood, 
on the Northern Pacific it was also encountered. Together with 
the green schistose slate it is found on section 13-47-27. South- 
west of Deerwood in section 36-46-29 and in sections 9-45-29 
and 3-45-29 this phase is also represented, as shown by drilling. 
The pyrite bands are clean and range from %¢@ to 4 inches in 
thickness, and are characteristic of this phase of the slate. 

A quartzitic slate or graywacke is locally abundant in several 
parts of the Cuyuna district. It is hard, can not be scratched 
easily with a knife, and has no cleavage. The banding is very 
distinct. The color is light to dark gray. The highly quartzose 
nature of this phase is plainly seen on examination of a drill 
core from it. This graywacke is typically exposed by drilling in 
the Rice River district, townships 48 N., R. 26 W. 

In section 2—46—29 Leith and Zapffe note the occurrence of a 
pink, semi-translucent limestone. It is fine grained and is finely 
bedded. It there occurs in connection with quartz and gray- 
wacke. 
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Quartz in stringers, and as a filler for fissures, in the slate and 
in the lenses of iron formation, occurs throughout the district. 
Quartzite. 





We have mentioned in noting the general make 
up of the Upper Huronian, that a quartzite similar to the Poke- 
gama quartzite of the Mesabi Range has been encountered at two 
points in the district. One of these is in section 24—47—29, north- 
west of Rabbit Lake and the other is an outcrop on the northwest 
side of Dam Lake, in township 47-25. 

‘Two holes drilled on section 24-47-29 penetrated 30 and 50 
feet of clean unaltered quartzite. This quartzite is generally 
pink in color, due to iron staining. Where not stained by iron 
it is light or grayish in color. The quartz grains are cemented 
with secondary quartz and some iron oxide, giving the pink color 
noted above. Further drilling at this point showed that this 
quartzite underlies a lens of iron formation and the slate. 

The Dam Lake exposure shows quartzite of the same general 
type as that described above. Drilling to the north of this expo. 
sure showed iron formation underlain by a schistose quartzite, 
which appeared to be an altered form of the quartzite just 
described. 

It would seem then that these two occurrences show a quartzite 
formation underlying the slate formation in the Cuyuna district. 


The Keweenawan. 

The Keweenawan as represented on the Cuyuna consists of 
numerous dikes and irregular bosses of igneous rock cutting 
through the Upper Huronian slate and included lenses of iron 
formation. 

The intrusives are mainly diorite and diabase. Some of these 
intrusives, as encountered by drilling, are fresh and unaltered, 
some show deformation, being rendered schistose and some are 
weathered. 


These masses are all later than the Upper MHuronian 
deposition since they all are intrusive into the slate formation. 
Some were intruded prior to the complex folding of the district 
as is attested by their schistose nature and the fact that they 
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show secondary cleavage similar to that of the folded slates. 
Some are later than the folding, since they appear fresh and non- 
schistose and evidently have taken no part in the complex fold- 
ing of the slates. All were intruded prior to the exposure and 
secondary concentration of the iron formation. This is to be 
seen from the nature of their relation to the ore deposits. 

There is an outcrop of the intrusive diabase at Dam Lake. 
This rock is crystalline, light gray green in color, fairly fresh, 
and non-schistose. Its mineral components are those of the ordi- 
nary diabase with pyrite, in numerous specks through the rock, in 
addition. 


Cretaceous Conglomerates. 

These have been encountered in only one locality, at the Pick- 
ands Mather shaft in section 8, township 45-29. They were 
found here in a small patch immediately overlying the rock of the 
iron formation. The pebbles of the conglomerate are composed 
of ferruginous chert, amphibole, magnetite and slaty ore. The 
matrix is slaty. There is no absolute proof that this conglom- 
erate is of Cretaceous age. It is supposed to be, as it resembles 
so closely the proven Cretaceous conglomerate on the Mesabi 
Range and bears the same relation to the underlying Upper 
Huronian as does the Cretaceous conglomerate of the Mesabi. 


Glacial Drift. 

The glacial drift as has been said, covers all the rock surface 
of the Cuyuna district except for the small projecting rocks at 
Dam Lake. The thickness of the drift covering varies from 50 
to 390 feet. 

Starting at the southwest end of the Cuyuna Range proper 
in township 43-32, scuthwest from Brainerd, drilling in section 
12-43-32 shows the drift mantle in that locality to be from 90 
to 110 feet in thickness. Proceeding northeastwardly along the 
strike into township 44-31 we find the drift, as shown by drill- 
ing in section 22, to vary between 140 and 120 feet in thickness. 
Still further on in township 44-30 drilling in section 6 shows 
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it to have increased to an average depth of about 175 feet, 
varying in this locality between 148 and 200 feet. 

Northeast of Brainerd in townships 45-30 and 45-29 it 
is from 75 to 100 feet thick. Proceeding eastward along the 
strike of the range the drift covering again increases in thick- 
ness. In township 46-28 it averages about 160 feet, varying 
between 120 and 195 feet and in township 47-27 it attains over 
350 feet in depth. Eastward the drift mantle grades off again. 
In the northeast end of the district on the Rice River some 8 miles 
northeast of Aitkin it averages 120 feet in thickness. 

In the Rabbit Lake district the drift is comparatively shallow, 
averaging about go to 100 feet. 

Northwest of Serpent Lake in township 46-29 drilling in sec- 
tions I, 2, 10, 11 and 12 show the drift mantle in this locality 
to have an average depth of about 90 feet, varying from 50 to 
125 feet in thickness. 

In Todd County on the unconnected western extension of the 
Cuyuna Range the drift averages, where drilling has taken place, 
in township 133-32, about 135 feet in thickness. 

In Becker County still further. west some few holes have been 
drilled and here the drift mantle is very thick. Holes were sunk 
390 feet without encountering rock. 

This glacial drift is composed of layers of clay, dry sand, 
gravels and beds of quicksand with granite boulders scattered 
through the whole. <A thin mantle of sandy soil rests on top of 
the drift. 


DEFORMATION OF THE UPPER HURONIAN SERIES, 


It is impossible in the present stage of exploration to state in 
detail what the structural conditions are on the Cuyuna Range. 


The only records we have of structure are those furnished by the - 


belts of magnetic attraction, the drill cores, and the shaft of the 
Rogers Brown mine at Rabbit Lake. This shaft gives us the 
minor folding and faulting for a small localized section of the 
iron formation and bounding slates. The folding and faulting 
of the slates at Carlton, Minn., also give a clue to the conditions 
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on the Cuyuna Range since the slates outcropping at Carlton are 
the same as the Cuyuna slates, as has been determined by Leith. 


Relations of Major to Minor Folding. 


Van Hise and Leith have shown that the minor folds, small 
folds observed in a hand specimen or those of a foot or two in 
dimension bear a distinct relation to the folds of a larger order 
for the same locality. That is, if one observes in place a small 
fold of a certain type, a drag fold say, having a certain direction 
of strike and dip, he will find that the larger folds of that par- 
ticular area, folds measured in hundreds of feet or even in miles, 
will be also of the drag type and will have the same direction of 
strike and dip as the small fold first observed. The reason for 
this is clear. Certain types of folding are produced by definite 
pressures, the directions of the pressures being responsible for 
the character of the fold produced. The same pressures produce 
the big and little folds in a definite stratum for a definite locality, 
hence these folds should have the same characteristics. 

The similarity in type, strike and dip of the minor folds and 
those of a higher order can be seen again and again in the field. 
At Carlton this is well brought out. On the north edge of the 
town there is an outcrop representing a limb of a large anticline. 
Within this outcrop are several small folds x1easuring about one 
and a half feet. They are drag folds, pitch very gently to the 
east and dip about 70° to the south. On tracing out the large 
fold, of which the whole outcrop is a portion of one limb, it 
appears that it is a drag fold dipping about 70° to the south, 
striking east and west and pitching gently to the east. Other 
illustrations could be taken, as at Soudan, Minn., in the closely 
folded jasper formation, but space will not permit. The applica- 
tion of this principle to the folding in the Cuyuna district will 
be brought out. 


Distribution and Character of the Folding in the Cuyuna Area. 


The folding of the Cuyuna district as a whole is best shown 
by the series of nearly parallel magnetic belts, whose distribution 





738 FRANCIS S. ADAMS. 


is shown on the sketch map. The magnetic belts indicate the 
truncated edges of belts of the iron formation which were exposed 
on their upper edges when the tops of the anticlinal folds were 
cut off by erosion. The minor closely parallel lines do not 
represent, in all probability, truncated limbs of recurring folds 
but small lenses or belts of iron formation at different horizons 
on the truncated limb of one fold. The large major belts of 
attraction, made up of a series of overlapping minor belts, prob- 
ably indicate the limbs of the recurring major folds. 

Note that the series of magnetic belts south of the Northern 
Pacific railway may be grouped into two main belts which start in 
the extreme southwest corner of the district, about a mile and a 
half apart, and extend in a northeasterly direction, gradually con- 
verging, till they finally merge into one belt at a point some three 
miles south of Klondike on the railroad. 

North of the track, although the distribution does not so defi- 
nitely group into a series of major belts, we have four series 
of overlapping belts which group themselves to form four major 
magnetic belts lying nearly parallel, each being separated by a 
distance of about a mile to a mile and a half. 

Drilling along these belts of attraction has shown that the 
underlying rock strata are dipping steeply southeast or north- 
west, the dips varying from 50° from the horizontal to vertical. 

Application of the principle of the relation of minor and 
major folding in any area, to the folding of the Cuyuna district 
throws more light on the character of the folding. The iron for- 
mation where it has been penetrated by the drifts at the Rogers 
Brown mine shows complex crenulated folding of a small order 
superimposed on larger folds. That portion of the formation 
pierced by the drifts represents a portion of a limb of a large fold 
The strike of the steeply dipping beds is northeast by east and 
the dip is southeast about 73°. The drifts running southeast 
give a cross-section of this limb. On the sides of the drifts we 
can find cross sections of small folds, measuring from six inches 
to a foot, up to 3 and 4 feet. These are drag folds. Many of 
them dip steeply, parallel to the dip of the major limb, that is, 
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southeast. Their strike is northeast, parallel to that of the 
major limb. The throw of the small drag folds, oriented as 
above, is up and toward the northwest. Fig. 74 shows one of 
these typical drag folds. It can also be taken as representing the 
type of the major folding. 





Fic. 74. Photograph of typical minor drag fold of the Deerwood formation. 
This illustrates the type of the major folding. Cross sectional view. 


It seems then that the large fold, one limb of which has been 
cross cut by the mine drifts, is of the drag type with a throw 
towards the northwest. 

One phase of the major folding of the Cuyuna is made plain 
by the above facts. There are present recurring folds apparently 
of the drag type striking northeast and southwest, with the up- 
throw on the northwest. 


Deformation by Flow and Fracture. 


As already remarked, much of the slate of the Cuyuna district 
has been rendered schistose. This is due to deformation of 
the rock by flowage rather than fracture. Some of the slates 
have secondary cleavage so well developed that all trace of the 
original bedding is gone. In other words they are very schistose. 

Not only the slates but the older intrusives have suffered de- 
formation by flowage, that is, they are schistose. 
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Now note that part of the slate formation and as a rule the 
younger intrusives are comparatively non-schistose. 

These facts seem to point to the fact that most of the acute 
folding of the slates of the Cuyuna district was due to the intru- 
ding of numerous masses of igneous rock and that the schistosity 
developed in much of the slate was due to these intruding 
masses. If the folding and secondary cleavage had been devel- 
oped under purely anamorphic conditions due to the depth at 
which the rock was buried then one would expect to find all the 
slates schistose and no marked local variations; but if the fold- 
ing and schistosity was largely due to the intrusions of many 
large masses of igneous rock then one could look for local varia- 
tions in amount of schistosity developed and for comparatively 
non-schistose conditions in any locality free from immediate 
intrusions. The latter conditions hold in the Cuyuna Range. 
Again we find some of the intrusives schistose, others non-schis- 
tose. The earlier schistose intrusions were probably rendered so 
by the intrusions of the later masses of igneous rock. 

Deformation by pressure alone may have had some part in the 
development of the acute folding and schistosity of the slate 
formation; but it seems probable that most of the deformation 
was due to the intruding masses. 

Deformation by fracture has also played a large part in the 
deformation of the Cuyuna sediments. The same conditions that 
caused the softer members to deform by flowage caused the hard 
resistant portions of the sediments, as the quartzite, to deform 
by fracture. Fracturing is present throughout the slate and 


iron formation. 
(To be continued.) 
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STRATIGRAPHIC RELATIONS OF THE LIVINGSTON 
FORMATION OF MONTANA. 


PART III. 


R. W. Stone Aanp W. R. CALvert. 
AREA NORTH OF THE CRAZY MOUNTAINS. 


On the divide between Sixteenmile Creek and Musselshell 
River at Summit, ledges of hard tuffaceous sandstone occur in 
the Eagle and in the upper part of the Colorado. The strati- 
graphic position and age of these tuffaceous beds is proved by 
the presence of the white Eagle sandstone just above them and 
by the collection of the following fossil invertebrates from the 
beds in question: 


SHELL FROM 4 MILE S.-W. OF SUMMIT. 


Avicula nebrascana E. & S. Baculites compressus Say? 
Cyprimeria sp. 


These shells occur in the second brown ledge beneath the 
prominent white (Eagle) sandstone in the ridge southwest of 
Summit station. Of them Stanton says: 


The fossils seem to be more closely related to the Montana group 
fauna than to that of the Colorado, and thus indicate that this lower 
sandstone should probably be included in the Eagle. 


In these same beds about 300 yards southwest of Summit 
station Stone found the impression of a plant which Knowlton 
considers to be a new species of Ficus. Concerning it Knowlton 
says: 

As this appears to be a new species it cannot be used in fixing age, 
though I should incline to regard it as probably not older than Montana. 

About one-eighth mile west of Summit and 300 to 400 feet 
above the supposed Eagle sandstone Knowlton collected the fol- 
lowing leaves (No. 5514): 

741 
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Populus cretacea Kn. 
Sequoia reichenbachi (Gein.) Heer? 


Several fragments of indeterminable dicotyledons. 
Knowlton says: 


The species first given above has not been found outside the Judith 
River, and the conifer is common in, but not confined to, the same hori- 
zon. The age should be either Judith River or something very near it. 

On the east side of the anticline which brings up Colorado 
shale at and east of Summit the Eagle is exposed with two gray 
sandstone members. Where it crosses the railroad about three- 
fourth mile east of Dublin siding the following collection was 
made by Knowlton, Stanton and Campbell on the south side of 
the track and about 25 feet above the Eagle sandstone. 


SHELLS FROM JUST ABOVE EAGLE SANDSTONE. 


(Sec. 17, T. 7 N., R.9 E.) 


Ostrea subtrigonalis E. & S. Panopaca simulatrix Whiteaves. 
Anomic gryphorhyncus Meek. Corbula subtrigonalis M. & H. 
Modiola sp. Melania insculpta Meek? 


Stanton says this is essentially the brackish-water fauna of 
the Judith River, but it occurs also in the Claggett of this region. 
At the same locality and stratigraphically 625 feet above the 
Eagle in sandstone lithologically like Livingston Stanton collected 
the following shells: 


Spherium sp. Goniobasis? subtortuosa M. & H. 
Physa sp. Goniobasis? sp. 
Hyalina? evansi M. & H. 


This collection he pronounces as of Judith River age. 

It was shown in the previous chapter that a marine fauna is 
contained in tuffaceous or Livingston beds on the west side of the 
Crazy Mountains. The collections just enumerated are fresh- 
and brackish-water forms and were found in beds of volcanic 
material. To the writers this seems to be strong evidence of 
the Montana age of the lower portion of the Livingston forma- 
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tion as it occurs at Livingston, for on the evidence of stratigraphy 
and invertebrate paleontology the tuffaceous beds which are 
found on the north side of the Crazy Mountains are the same 
as those in which practically all of the Livington flora has been 
obtained on the south side of the Yellowstone and the east side 
of the B-idger Range. 

Further evidence of the incursion of Montana faunas and floras 
and of the differentiation of the Upper Cretaceous formations 
from the Livingston formation is found a little farther east on 
the headwaters of the south forks of Musselshell River at the 
mouth of Bozeman Creek. Here in sec. 5, T. 7 N., R.9 E., dark 
shale carrying undoubted Bearpaw shells is clearly differentiated 
from the underlying and overlying beds of strongly tuffaceous 
appearance and hence supposed to be Livington. This fossilifer- 
ous shale occurs about 1,000 feet above the Eagle sandstone. The 
following species were collected on the west side of the road 
running up the ravine opposite the mouth of Bozeman Creek by 
Stanton, Campbell, Calvert and Stone and were identified by 
Stanton: 


SHELLS FROM BEARPAW SHALE. 
(een. 5, ..7-N., K. 9.) 


Ostrea pellucida M. & H. 
Chiamys nebrascensis M. & H. 
Inoceramus crispi var. barabini Morton 
Avicula nebrascana E. & S. 
Avicula linguiformis E. & S. 
Modiola sp. 

Gervillia sp. 

Lucina sp. 

Protocardia subquadrata E. & S. 
Protocardia sp. 

Callista nebrascensis M. & H. 
Callista deweyi M. & H. 

Lunatia sp. 

Vanikoropsis tuomeyana M. & H. 
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Anchura americana E. & S. 
Anchura sp. 

Anisomyon borealis M. & H. 
Baculites compressus Say 
Placenticeras Whitfield Hyatt. 
Scaphites nodosus Owen. 


This is a typical marine Bearpaw fauna. 

At this place the thousand feet or more of beds lying between 
this fossil horizon and the Eagle sandstone cannot be divided on 
lithologic grounds into the Claggett and Judith River forma- 
tions. It is possible that careful search for fossils might bring 
to light paleontologic evidence on which such a division could be 
made, but the writers are obliged for the lack of evidence to 
consider them as a unit on account of their uniform character 
Their volcanic origin is shown by the following determination 
made by Calkins from thin section. 


C.M. 15. Andesite tuff. From near the base of the Bearpaw; T. 7 N., 
R. 9 E., sec. 5. Bearpaw fossils collected above. Specimen con- 
sists of many feldspar and augite crystals, with some magnetite and 
rock fragments with the texture of an andesite groundmass. The 
rock undoubtedly is essentially a pyroxene andesite tuff. 


The beds of purely volcanic origin are intercalated with sand- 
stones and shales of marine and brackish-water deposition. The 
following section in which the greenish beds are for the most part 
tuffaceous is introduced to show the interbedding of sandstone, 
shale and tuff, and to show the relation of the specimen described 
above to the Bearpaw fossils. 


SEcTION IN T. 7 N., R. 9 E., From THE MIDDLE oF SEC. 4 TO THE NORTHEAST 
CorNER OF SEc. 8. 


Feet. 

Sandstone ‘and Stale, wreenish: f0.6Ss sivas claw fe cesecetkcecees 260 

ANGstoONe, ANASHVS, MLO |, 5.0y eee ewes s Sede ep ees veces 50 
Concealed mostly, probably all shale, Bearpaw, marine shells (No. 

GOO) -QOMECIER SIEAT DASE. 5 .ccu la wiewuetra as ocak cieweies siicouis 778 

Sandstone, tufaceous, greenish (spec. C.M. 15)..........e0ee00 300? 


Sandstone, massive, green, lower part shaly ..............000005 40 
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Fossils collected 2 miles below the mouth of Bozeman Creek, 
in sec. 34, T. 8 N., R. 9 E., show the presence of Claggett and 
Judith River formations, although lithologically they are difficult 
to recognize. Even to one thoroughly familiar with the appear- 
ance of the two formations it is scarcely possible to distinguish 
them in this part of the Musselshell Valley. East of Lennep 
however, the andesitic tuff is much less abundant and it becomes 
possible to recognize not only the Claggett and Judith River 
formations but also to separate the ‘“ Laramie”’ formation or 
“Ceratops beds” from the mass of material above the Bearpaw 
shale. In ranges 10 and 11 or between Lennep and Martinsdale, 
as the distance from the seat of greatest volcanic activity 
increases, the amount of volcanic material in the geologic section 
between the Eagle and Fort Union formations decreases and the 
distinctive lithologic characteristics of the marine, brackish and 
fresh-water deposits become more pronounced. Even farther 
east than Martinsdale the Claggett and Judith River formations 
continue to be more or less tuffaceous but the intercalated thin 
beds of volcanic material are thinner and less numerous than 
farther west. 


AREA NORTHEAST OF THE CRAZY MOUNTAINS. 


In the field work of 1907 on Musselshell River, Stone recog- 
nized that in place of the four post-Jurassic formations described 
by Weed south of the Little Belt Mountains ten formations or 
mappable lithologic units could be distinguished. These are the 
Kootenai, Colorado, Eagle, Claggett, Judith River, Bearpaw. 
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Lennep, Lance, and Fort Union (with its Lebo andesitic member) 
formations. 

Lance formation has been adopted by the.Committee on Geo- 
logic Names for the light-gray sandstone and variegated shale 
(1,000—2,400 feet thick) which have hitherto been called 
“Laramie” formation and “Ceratops beds.’ The name is from 
the type locality Lance Creek, Converse County, Wyo., where 
most of Hatcher’s vertebrate fossi's were obtained from beds 
which he called “‘ Lance Creek beds” in American Geologist, vol 
31, pp. 369-375. According to the committee Lance formation 
will be used to replace “Ceratops beds” in Wyoming, Montana, 
and the Dakotas; Laramie formation is approved for Denver 
Basin, ‘“ Laramie” formation may be used where referring to 
rocks of other localities than the Denver Basin, but Lance forma- 
tion supplants “Laramie” and “ Ceratops beds”. 

In the geologic section on Musselshell River, which comprises 
over 5,000 feet of strata, not including the typical Fort Union, 
there are along the northern flank of the Crazy Mountains two 
groups of strata of decided Livingston aspect which have con- 
siderable thickness and geographic extent. The older of these 
occurs between the Bearpaw shale and the Lance formation, and 
the second, which was described by Stone! as the Livingston for- 
mation, lies between the Lance and Fort Union. The name 
Lennep sandstone is here applied for the first time to the beds 
at the base of the Lance formation. Lennep is a station on the 
C. M. & P. S. Railroad, at the north end of the Crazy Mountains 
and in the immediate vicinity of a ridge formed by these beds. 
The younger andesitic beds belong to the Fort Union formation 
and to them the name Lebo andesitic member is given. Lebo 
is the name of a creek in whose upper course these andesitic beds 
are exposed. The Lebo member is composed of 450 to 2,200 
feet of dark-colored beds lying between the Lance formation and 
the massive gray sandstone of the Fort Union formation. The 
Lennep sandstone and the Lebo andesitic member are of much 


*Stone, R. W., “Coal Near the Crazy Mountains, Montana,’ P<ll. U. S 
Geol. Survey, No. 341, 1908, p. 82. 
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the same material and appearance. They are composed in part 
of volcanic material, and had they occurred in juxtaposition 
would without doubt have been considered as one formation on 
account of their lithologic similarity. 

The Lennep sandstone is composed of dark-colored tuffaceous 
sandstone intercalated with dark shale. It ranges from 250 to 
460 feet thick and throughout much of the outcrop is dark brown 
en masse, which distinguishes it from the gray to black shale 
below and from the overlying light gray sandstone. At several 
places near the middle of these beds a band of brown cannonball 
nodules 8 to 12 inches in diameter was observed. The fossil 
shells found in this formation are about equally fresh, brackish 
water, and marine, the fresh water and marine forms occurring 
in separate horizons. Leaves and a marine plant, Halymenites 
major Lesq., have also been found. ‘The Lennep occupies the 
stratigraphic position of the Fox Hills and like it is transitional 
from the marine Cretaceous to the fresh water “ Ceratops beds” 
but sufficient fossils have not yet been obtained to make the corre- 
lation positive. The rocks along the. greater part of the outcrop 
of the Lennep sandstone on the northeast side of the Crazy Moun- 
tains are highly tilted, a condition which, together with their 
greater hardness, makes a narrow crested and conspicuous hog- 
back ridge between the Bearpaw shale valley on one side and the 
low relief of the soft sandy Lance beds on the other. 

The tuffaceous character of the Lennep sandstone is shown by 
the composition of thin sections cut from specimens taken by 
Stone on a fork of Big Elk Creek in sec. 10, T. 6 N., R. 13 E. 
These specimens which are four in number, represent the more 
tuffaceous beds of the dark-colored sandstone. They occur strati- 
graphically within 100 feet above the top of the Bearpaw shale 
All four specimens have the texture of sandstone but are com- 
posed almost entirely of volcanic material, and might be called 
tuffaceous sandstone. The following descriptions begin with 
the lowest and end with a specimen taken near the middle of 
the Lennep beds. 
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C.M. 97a. Consists of plagioclase grains and fragments of a microlitic 
rock, apparently andesite, stained with iron oxide and cemented 
with chloritic material and calcite. Might be called calcareous sand- 
stone. 

».M. 97b. Same as 97a. 

>.M. 97c. Consists o> very abundant fine granular plagioclase and 
numerous fragments of andesite in a chloritic groundmass. 

C.M. 97d. Consists very largely of fragments of microlitic rock, ap- 
parently andesite, and angular to subangular grains of plagioclase, 

although there is a small amount of quartz and a few fragments 
of pyroxene and biotite. All is cemented by chloritic material. 
This rock is slightly coarser and contains a higher percentage of 
andesite than the preceding. It is composed almost entirely of ma- 
terial of volcanic origin. 


AO 


Stanton says that the line of division between* Montana and 
“Laramie” falls within this ridge of dark-colored beds, and that 
the invertebrate fauna shows a transition from marine to brackish 
and fresh water conditions. His evidence is marine Cretaceous 
shells! found in the lower part of the Lennep sandstone and fresh 
water shells of the “Ceratops beds”’ fauna, together with bones 
and teeth of Triceratops and other dinosaurs, at the top of the 
formation. A few leaves collected from these beds in T. 6 N., 
R. 16 E., and T. 5 N., R. 17 E., are reported by Knowlton to be 
Platanus sp.?, Viburnum sp., and a single specimen of Halymenites 
major Lesq., a marine plant commonly assigned to the Fox Hills. 
They are not sufficiently distinctive to determine the age of the 
beds. A collection of plants made by Stanton in 1903 in sec. 23, 
T.6N., R. 16 E., is listed by Knowlton as follows with the con- 
clusion that it is a Livingston flora: 


PLANTS FROM LENNEP FORMATION ON FISH CREEK. 


Asplenium sp. (probably new), 
Gingko adiantoides (Unger) Heer, 
Sequoia (new species), 

Sequoia sp. (cone), 


‘Stanton, T. W., “ The Age and Stratigraphic Relations of the ‘ Ceratops 
Beds’ of Wyoming and Montana,” Wash. Acad. Sci., Vol. XI., No. 3, 1909, 
p. 260. 
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Quercus ellisiana Lesq., 

Ficus auriculata Lesq., 

Ficus sp., 

Cinnamomum ellipticum Kn., 
Leguminosites Lesquereuxiana Kn., 
Dombeyopsis platanoides Lesq., 
Phyllites (not named). 


A small collection of plants made by Knowlton and Calvert in 
these beds in August, 1909, 2 miles east of Widdicombe Brothers’ 
ranch in T.6 N., R. 16 E., is reported by Knowlton as Livingston 
flora. The collection consists of Platanus sp. and Laurus sp. 
According to Knowlton: “ Both these are similar to unnamed 
forms from the basal portico: of the Livingston beds of the 
Bozeman-Livingston area.” 

On the basis of this flora Knowlton asserts that the tuffaceous 
formation in which it occurs is Livingston. These beds directly 
underlie a considerable thickness of gray sandstone and shale on 
the head of Fish Creek concerning which there is a difference of 
opinion as to age. Since Knowlton refers the “Ceratops beds” 
of Hell Creek, Mont., and of Converse Co., Wyo., to the Fort 
Union, on the same grounds he calls these Fort Union or basal 
Tertiary. Stanton on the other hand maintains the late Cre- 
taceous age of these beds. There is, however, no real difference 
of opinion as to the horizon represented here. Evidence of 
the age is given below. The following collections of leaves were 
made in sec. 15, T. 6 N., R. 15 E., in the Lance formation. 


COLL. NO. 5515, 200 FEET BELOW TOP OF LANCE FORMATION. 


Sapindus affinis Newb. Plantanus aceroides Gopp. 
Sapindus grandifoliolus Ward. Platanus sp.? 


COLL. NO. 5516, 400 FEET BELOW TOP OF LANCE FORMATION. 


Platanus raynoldsti Newb. Sapindus sp. 
Sapindus grandifoliolus? Ward. 
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To both of these collections Knowlton ascribes Fort Union age 
without reservation. A collection of shells from the same section 
and occurring about 200 feet above the base of the Lance was 
determined by Stanton as follows: 


COLL. NO. 6038. SHELLS FROM LANCE FORMATION. 


Unio pyramidatoides Whitfield, Unio sp. 
Unio verrucosiformis Whitfield, Sphaerium sp. 


Unio biesopoides Whitfield, Physa sp. 

Unio holmesianus White? Limnaea? sp. 
Unio brachyopisthus White, Goniobasis? sp. 
Unio stantont White? Viviparus sp. 


“The unios belong to the fauna that is so well developed in 
the ‘Ceratops beds’ of Hell Creek, Mont., and of Converse 
Co., Wyo.” 

As Knowlton considers the “Ceratops beds”’ to be basal Fort 
Union there is no disagreement here as to stratigraphic corre- 
lation. 

Still farther east in sec. 7, T. 5 N., R. 17 E., in the bed of a 
small stream two miles southeast of the Strand ranch, Fisher, 
Woolsey, and Stone collected the following invertebrates : 


COLL. NO. 4637. NEAR BASE OF LANCE FORMATION. 
Unio brachyopisthus White. 

Unio n. sp. (?) related to Unio retusoides Whitfield. 
Unio n. sp. (?). 

Campeloma? sp. 

Limnaea? sp. 


These shells are about 150 feet above the base of the Lance 
and are assigned by Stanton to the “Laramie” or “Ceratops 
beds.’ These collections are cited for their bearing on the posi- 
tion of the Lennep sandstone and the Lebo andesitic member and 
also on the question of the lower limits of the Fort Union. 

No one questions the fact that the tuffaceous beds (Lennep 
sandstone), which here contain a flora assigned by Knowlton to 
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the Livingston, rest on Bearpaw shale. This fact is used by 
Knowlton as an argument for the existence of an unconformity 
beneath the Livingston formation on the assumption that the 
flora collected from the Lennep sandstone in T. 6 N., R. 16 E., 
is sufficient evidence for the exact correlation of that bed with the 
plant-bearing beds near the base of the Livingston in the type 
area where no formations comparable with the Bearpaw, Judith 
River, and Claggett are present beneath the strata carrying the 
Livingston flora. Knowlton explains the absence of these for- 
mations from the area around the town of Livingston by sup- 
posing if ever present there they were removed by erosion before 
the deposition of the Livingston andesitic material. The exact 
position of the supposed erosion surface in this section has been 
difficult to fix. Until recently it has been assumed to be at the 
base of the Livingston but the latest view, as expressed in a 
public discussion, places it lower, at some undetermined level 
within Weed’s “Laramie” of the Livingston section because the 
flora of the upper part of the coal measures and of the Livingston 
have proven to be closely related. 

The stratigraphic and other evidence presented in this paper 
is decidedly against the existence of such an erosion interval and 
tends strongly to the conclusion that the andesitic Livingston 
beds of the type area really include the time representatives of 
several formations that are distinctly developed northeast of the 
Crazy Mountains. In estimating the value of the plant evidence 
for correlating the Lennep sandstone of the northeastern area 
with the basal few hundred feet of the typical Livingston it 
should be remembered (1) that the flora of the overlying great 
mass of the Livingston formation is meager and very imperfectly 
known, and (2) that the flora of the Eagle, Claggett, Judith 
River and Bearpaw in the areas under discussion north and east 
of the Crazy Mountains are also practically unknown. It seems 
reasonable, therefore, to raise the question whether enough is 
known about the vertical and horizontal range of these species of 
plants to justify their use in such close correlation. 

The field relations seem to point most conclusively to a dove- 
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tailing together of the tuffaceous Livingston deposits and the 
normal Upper Cretaceous and lower Tertiary formations as 
shown in the accompanying diagram (Fig. 75). For rela- 
tions such as illustrated in the diagram there is abundant evidence 
in the field, but there is no stratigraphic evidence for an uncon- 
formity running from the Eagle up to the top of the Bearpaw. 
Nowhere so far as has been discovered throughout the sediments 
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involved in this discussion is there evidence to show that the 
deposition has not been normal and continuous. Certain it is 
that the Bearpaw shale grades up through a transitional zone 
into the tuffaceous beds at the base of the Lance, and that these 
tuffaceous beds grade into the fresh-water deposits above them. 

The upper, dark-colored beds occurring between the Lance 
and massive sandstone of the Fort Union of the section in the 
Musselshell valley, and described’ by Stone as the Livingston 
formation, will be called here the Lebo andesitic member of the 
Fort Union formation. The Lebo sediments are believed to be 
correlated ‘stratigraphically with the upper part of the Livingston 


* Stone, R. W., “Coal Near the Crazy Mountains, Montana,’ Bull. U. S. 
Geol. Survey, No. 341, 1909, pp. 80-82. 
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d the formation at the type locality, which is interesting in view of the 
ns as fact that the lower part of the Livingston has been shown to be 
rela- lower Montana. 
dence West of Cottonwood Creek in T. 7 N., R. 10 E., the Lebo 
ncon- member is composed largely of gray, red, green, brown, and dark 
rpaw. shale and sandstone, while in T. 6 N., R. 16 E., it is charac- 
nents terized as chocolate-colored, although the individual members 
are for the most part dark greenish and brown sandstones and 
— shales with little or no light-colored beds. A decrease in thick- 
k ness from nearly 2,200 feet in range 10 to 450 feet in range 16 
is a noticeable feature and perhaps may be explained by the fact 
that the Lebo is composed to a considerable degree of volcanic 
material which came from the west, and therefore should be 
Z expected to thin eastward. 
a | The following sections show the character of the Lebo mem- 
4 ber, on the northeast flank of the Crazy mountains: 
| SECTION OF LEBO ANDESITIC MEMBER IN T. 7 N., R. 10 E. 
a eet 
4 Shale, gray and green, and sandstone, dark, thin-bedded......... 100 
4 BOGS “CONCEMBULre crisis <c4is'are'e i 6 sia 5b peo ace gtk eae ibe Nig aaron 152 
- Shale awed ewithsgike GNOISU oi. ...). sis ore cates cane eaemonnegin nen 20 
Sandstone, gray, thin-bedded and dark shale................... 167 
SOULE ee ON oP e ec are Sie BIT COINS cig Soe Mote USNR RAR RIOE RIS 5 
GOS OONCORIEGEE oa Soc eS ach aree > ne Sea Sea ire eee ane Pe ae 380 
oS | Pied shy che ares eee Cae MME IN re IPS EAT hy ee 5 
GUS SCOURGRIE lcs cin ae cic niece as ais cia Pele als 6 va Mie eae ioe Caen 315 
t the Shale, dark, and red and green sandstone...............seeeee- 320 
it is Shales, red and green, red limy nodules, and tan and gray sand- 
5 B ivse 16 50:6. 8 ¥ 0cb1b Ub 0.6 b's © 50. 0.9.6.0.6.6.0)0 010.6 6 6.0.6.6 ble. 0 Cbs ah O18 6/4. 8/9 ele S/o 720 
zone STONE ..csccvecvecs é; 
2,184 
these 
them. On the head of Lebo Creek in T. 6 N., R. 13 E., Fisher meas- 
zance ured the following section: 
n the z aL re ‘ 
xston SEcTION oF LEBo ANDESITIC MEMBER ON LEBO CREEK, T. 6 N., R. 13 E. 
f ti Feet. 
1e me 
Beds concealed, calcareous at top: ....cecscccceiuscecdvewesesce 740 
to be Shale, dark, alternating with somber-colored sandstone; fos- 
yston siliferous in lower part (Stanton No. 1,259).....+eeeeeeeees 1.340 
mae 2,080 
ese 
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The shells found here are Unio sp. and Viviparus retusus M. 
& H.?, and suggest that these beds belong to the Fort Union 
formation. 

Several miles farther east, on Fish Creek in sec. 15, T. 6 N., 
R. 15 E., Stanton and Silberling measured the following section’ 
of these beds. 


Section oF LeBo ANDESITIC MEMBER ON FISH CREEK, T. 6 N., R. 15 E. 


Feet. 
Shale, with a few thin bands of sandstone..............eeeeeees 112 
BAHUSEONE, SLAY 6.2. cicarscronetoah bee a Rites eee vielen oS ys Sip a elo o's 0100's 5 
SHANE ch lala'w wees iee iihs a ree tee RIP OSTeIOS Wisi els wie bre Wise aieie o-e Shore, ogi 18 
Limestone, gray, weathering brown ............ccececccccceces 3 


Shale, greenish gray, with much soft sandstone of same color 
and brown ironstone concretions in lower third; a few thin 
bands of sandstone in upper part and several concretionary 
AVETS MEAT FOP. 5 85 on.s's sane een ere we ae WA aioe tee enie's, 3166 5 ni6ts hs 700 

Sandstone, brown, thinly cross-bedded, forming top of con- 


BpicHOUS HOKE TIGRE’ oda ssw ciioais are Wes wiaias sieve clays slots s 32 
BURNS ca Xu ibe faeces else Cie SO Ee RI ETE Ne Pe oak ais Siew 5 65 srtasels 200 
SAHASLONE, PTESNISH OTAY cise noise ote chris as encielete e's lale's wistviers 15 
BIG, APVBCNISN TAY «502655 caw cease sianire se min 6 8° oi0.4 le 5io 58 ies ores 249 

1,334 


Where this section was measured the beds dip strongly to the 
south and have more of a chocolate color than noted farther 
west. At about the same place on Fish Creek, Calvert and 
Stone measured a section of the Lebo member by pacing across 
the steeply dipping beds and obtained a thickness of 904 feet. 

In T. 6 N., R. 16 E., Stone measured a section from the 
lowest of the dark-colored beds up to the base of the massive 
sandstone of the Fort Union with the following result: 


Section oF LEBo ANDESITIC MEMBER IN T. 6 N., R. 16 E. 


Feet 
BGS CGTCCAIED «assess st hice 2s I ee OC oS h:.5 SUA. w Ly 4,09 Se RS 170 
Sandstone, gray, weathers brown, with clay pebbles............. 5 
Beds concealed; partly sandy shale ...........eccescccccecccoes 53 
Sandstone, greenish-brown, thin-bedded ..............seeeeeeee II 


‘Stanton, T. W., “The Age and Stratigraphic Relations of the ‘ Ceratops 
Beds’ of Wyoming and Montana,” Proc. Wash. Acad. Sci., Vol. XJ, p. 263. 
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Beds concealed; /probably: sandy.‘shale. « ....... ssi ce cuw ee wa oh eet 55 
Sandstone, thin-— and <cross-bedded )..6:.65.8 dbs00'0s seen che peers 15 
HAIG: GAT EEAY HOC DIACK 65.6 ccc u's os cies vinta ore o nhs © Rialeres We pateretesinees 123 
POUMELSL OME PALIC CITIASSAVE coc. << ssis ese ob 8 Gis os silena'e ceGetetanee Bente 2 
SNC At om TARS 0s e's. o's 55 oe Se 'e6ie bieie aye a Brees ido o Bina wie Ri Meare 5 
MANOStONE WOOL MINA SSIV OS ooo ook kok asc-6-c sale Rel een ele eee ee eG 2 
Sandstone,.cark,,.weatners Hoht- Tay’. .4.0c.8 vce eeawone onseeeue 22 

463 


The only fossils collected by Stone were from the base of the 
formation; a Unio related to Unio gibbosoides Whitfield and of 
no determinative value, and a Sequoia nordenskioldi Heer 
reported by Knowlton as from the base of the Fort Union. 

A collection of leaves of determinative value was made in 
1909 by Campbell, Stanton, and the writers in sec. 15, T. 6 N., 
R. 15 E., in the upper part of the Lebo member and close under 
the massive gray sandstone of the Fort Union. It contains six 
species and is pronounced by Knowlton to be a Fort Union flora. 
The list follows: 


COLL. NO. 5,517. 


Platanus Haydentt Newb. Sapindus grandifoliolus Ward. 
Populus cuneata Newb. Grewia obovata Heer. 
Populus amblyrhyncha Ward. Grewiopsis platanifolia Ward. 


In the upper beds of the Lebo member and in the overlying 
gray massive sandstone fresh water shells are common. They 
include Viviparus, several species of Unio, most of which appear 
to be undescribed, and Campeloma multilineata, which in some 
of its varieties ranges from the Laramie of the Denver Basin 
and the “Ceratops Beds”’ into the Fort Union. 

Additional evidence of the age of the Lebo member on the 
northeast side of the Crazy Mountains is found on the east side 
of Bear Butte in sec. 4, T. 5 N., R. 16 E., 65 feet below the 
massive gray sandstone of the Fort Union. Here in a thin sand- 
stone occurring in ‘greenish shale Silberling made an important 
collection of mammals. On preliminary examination Gidley 
has recognized Ptilodus montanus Douglass, P. gracilis Gidley, 
P. serratus? (Marsh), P. formosus? (Marsh), Mioclenus sp. 
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nov., Euprotogonia sp. nov., Didymictis sp. nov., Ectoconus? 
sp. nov., Deltatherium? sp., Psittacotherium sp., Chriacus sp., 
Fantolambda sp., Oxyclaenus sp., Tricentes? sp., Pentacodon? 
sp., Mixodectes? sp. The two doubtfully determined species of 
Ptilodus described by Marsh occur in the ‘‘Ceratops beds” of 
Converse Co., Wyo. All the others are related to species in the 
Torrejon fauna of New Mexico, which was originally included 
in the Puerco. 

In the massive gray Fort Union sandstones of the Fish Creek 
section Clenodon ferox (Cope) and Pantolambda cavirictus? 
Cope have been found. These mammals belong to the same 
general fauna as that enumerated above and are accompanied 
by an abundant Fort Union flora. These gray sandstones and 
the upper part of the Lebo member have also yielded the reptiles 
Champsosaurus puercensis? Cope and Crocodilus sp. Frag- 
mentary mammal remains, among which Gidley has identified 
Clenodon sp. nov. and Mioclenus? sp., have been obtained 
from within about 50 feet of the base of the Lebo member on 
Fish Creek or just above the top of the Lance, and at practically 
the same horizon as a flora listed by Knowlton as Fort Union. 

The evidence quoted above correlating the dark colored Lebo 
member with the Torrejon on the basis of mammal remains, and 
the determination of the flora as Fort Union shows that the Lebo 
member is basal Tertiary in age. 

Many of the beds in the sections given above are tuffaceous in 
appearance and undoubtedly are largely composed of volcanic 
material. Unfortunately no specimens were collected in this 
area to determine this point. An examination of the matrix of 
the fossils, however, shows the tuffaceous character of the con- 
taining beds. 


At a number of points in the Musselshell Valley northeast of 
the Crazy Mountains it was observed that some of the sandy 
beds in the Montana group have the appearance of tuffs. 
Certain beds in the Bearpaw shale and in the Judith River and 
Claggett formations so strongly suggested volcanic material that 
thin sections were cut from specimens of these rocks. These 
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have been examined by Calkins, Cross, Johannsen, and Stone, 
and the following were identified at tuffs: 


C.M. 71. Tuff. From the Claggett formation in T. 6 N., R. 15 E., sec. 
14. Consists chiefly of grains of plagioclase and altered lava, and 
has much ferritic oxide stain. All “particles resemble andesitic 
debris. Appears like a flow tuff. 

C.M. 74. Tuff. From near the top of the Claggett formation, 650 feet 
above the Eagle sandstone, in T. 6 N., R. 15 E., sec. 13. Consists 
of angular fragments of plagioclase and andesite, with a little horn- 
blende; probably is tuffaceous. 

C.M. 75. Tuff. From the top of the Claggett formation in T. 8 N., 
R. 12 E., sec. 29. Shows grains and pebbles of andesite in an 
andesitic groundmass: Probably is tuffaceous. 

C.M. 76. Tuffaceous conglomerate. From near the base of the Judith 
River formation, in T. 6 N., R. 15 E., sec. 13. This rock is a con- 
glomerate with subangular to rounded pebbles, chiefly of altered 
porphyritic andesite and one pebble of fine sandstone with angular 
grains of quartz. It may be an impure tuff. 

C.M. 78. Tuff. From near the base of the Bearpaw, at the mouth of 
Lost Horse Creek, T. 7 N., R. 11 E., sec. 17. Consists of angular 
grains of feldspar, lava, augite, magnetite, and quartz, with consid- 
erable chlorite. It is a distinctly tuffaceous rock, like C.M. 75, but 
finer grained and darker. 

.M. 79. Tuffaceous conglomerate. From near the base of the Bear- 
paw shale, just below C.M. 78, at the mouth of Lost Horse Creek, 
T. 7 N., R. 11 E., sec. 17. Consists of rounded pebbles of augite- 
andesite or basalt, all of which are very similar. The rock prob- 


ably is a water-rolled tuff. 


2) 


RECAPITULATION. 


In the foregoing chapters the endeavor has been to bring out 
several facts whose interrelations have not been discussed in de- 
tail. It has been shown that the coal measures of the Livingston 
section are of lower Montana age instead of Laramie, as pre- 
viously supposed. The new interpretation is based on several 
lines of evidence. Fossils of Colorado age have been obtained 
from a number of localities a short distance stratigraphically 
below the coal-bearing sandstone. The sandstone itself carries 
an invertebrate fauna which, though scanty, correlates it with a 
fair degree of certainty with the lower Montana. Furthermore, 
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there ‘is every indication of a conformable and _ transitional 
sequence from the Colorado into the coal measures, which cer- 
tainly could not exist if the latter were of Laramie age. 

That the coal measures of the Livingston type section are of 
lower Montana age is thtrefore considered as established, but 
the writers hesitate to state that they are the equivalent of the 
Eagle sandstone which is normally the lowest formation of the 
Montana group as developed in the state. In the Red Lodge- 
Nye area the coal-bearing sandstone corresponds in character 
and thickness to the Eagle, but in the vicinity of Livingston the 
coal measures are thicker than the Eagle as known elsewhere in 
the region. Two possible explanations may account for this 
condition: (1) the lower part of the coal measures may be typi- 
cal Eagle, ‘while the upper portion may be correlated with the 
Claggett formation which normally overlies the Eagle sandstone, 
or, (2) this formation in the vicinity of Livingston may be the 
northern extension of the Mesaverde formation of the Montana 
group as developed in Colorado and Wyoming. To the writers 
the latter assumption seems the more probable. The coal meas- 
ures are about 300 feet thick west of the Crazy Mountains; at 
Livingston they are about 800 feet; while in the Electric coal 
field to the south they are nearly 1,000 feet thick. Moreover, 
the scanty fauna found in the coal-bearing sandstone at Electric 
occurs also in the Mesaverde formation in the Wind River Basin 
of Wyoming. It is well known that the Eagle sandstone and 
the Claggett formation pass into an undifferentiated mass when 
traced southward from the type localities and it is believed to be 
highly probable that such a transition is represented in the 
Livingston area. North of the Crazy Mountains the Eagle 
sandstone has a normal thickness and is overlain by distinguish- 
able lithologic units, whereas to the south, especially near 
Yellowstone National Park, a thick and undifferentiated mass of 
coal-bearing sandstones overlies Colorado shale. Whether Eagle 
sandstone or Mesaverde however, the conclusion remains that 


the coal measures near Livingston, formerly considered Laramie, 
are lower Montana in age. That all the sediments above Colo- 
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rado shale in the Livingston type locality, up to the Fort Union 
at least, represent continuous deposition is borne out by all the 
stratigraphic evidence, hence the conclusion must be reached that 
in this sequence are the time representatives of the Eagle, Clag- 
gett, Judith River and Bearpaw formations as developed on the 
northeast flank of the Crazy Mountains. 

Thus far the andesitic beds above the coal measures have 
yielded no marine fauna in the area south of the Crazy Moun- 
tains, which may be due either to the beds having been deposited 
in fresh water or under subaérial conditions, or if the beds are 
marine, that the influx of material was so rapid that the environ- 
ment was unfavorable to marine life. That marine conditions 
prevailed west of the Crazy Mountains, however, at certain 
horizons is demonstrated by fossil collections north of Myers- 
burg to which reference has been made on page 665. 

East of the head of Potter Creek shale and sandstone appear 
intercalated in the andesitic beds and these carry a marine fauna 
characteristic of the Montana, and andesitic material occurs in 
diminishing quantity eastward. Northeast of the Crazy Moun- 
tains seven well defined lithologic units can be differentiated 
above the Eagle sandstone, only two of which are persistently of 
andesitic material as indicated in the accompanying plate of 
columnar sections. In other words, there is a “ fingering out”’ 
of andesitic beds into the sequence of shale and sandstone nor- 
mally found in the columnar section from Colorado to Fort 
Union inclusive. This is not a unique condition, however, as it 
is similar in many respects to the deposition of the Catskill 
formation in New York and Pennsylvania. In the accompany- 
ing figure the attempt is made to show this interfingering in a 
diagrammatic way. 

From the standpoint of the stratigrapher and the invertebrate 
paleontologist therefore, the interpretations set forth in this 
paper as a solution of the “Livingston problem” are satis- 
factory, but in fairness it should be stated that the paleobotanist 
finds the evidence conflicting. The flora of the Livingston has 


been considered distinctly Tertiary rather than Cretaceous. 
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According to Knowlton the flora contains more than 75 species, 
more than half of which have an outside distribution. A ma- 
jority are found in the Denver formation, yet a third occur also 
in the Fort Union, while only four species occur in the Montana 
as now recognized. If, contend the paleobotanists, the rocks 
overlying the coal measures in the Livingston section are of 
Montana age as claimed in this paper, why is the flora not com- 
parable to that of the Judith River formation. To the writers 
this apparent dissimilarity merely indicates that the Judith River 
flora is imperfectly known. Of the recognized flora a large pro- 
portion of the species come from one collection, while the 
remainder occur in small lots disseminated in a zone extending 
from the Canadian border well into Wyoming, se that it does 
not seem improbable that the future will bring new light on the 
paleobotanical aspect of the Judith River and associated forma- 
tions. 

Attention might be called to the assertion of Knowlton and 
Peale that the flora of the “ Laramie” of the Livingston section 
is closely allied to the flora of the overlying rocks. This being 
true, the idea that the “ Laramie” and the Livingston are sepa- 
rated by “a period of intense vulcanism and of mountain 
growth” can no longer be entertained by the paleobotanist,—a 
new interpretation with which the stratigrapher is heartily in 
accord. This similarity of floras has been admitted only 
recently, for even as late as 1907 Knowlton asserted that the 
plants from the coal measures are distinctly Laramie in type. 
The idea of an unconformity im the coal measures of the Liv- 
ingston section is now advanced by the paleobotanists. No one, 
however, has ever noted the slightest suggestion of such an un- 
conformity in the field unless the statement of Eldridge that the 


main coal bed was laid down on an uneven floor may be taken 
to mean unconformity. Concerning this point Weed states that 
“the perfect stratigraphic continuity of the marine Cretaceous 
with the Laramie is everywhere apparent. No break occurs, 
and no evidences of unconformity have been observed, up to the 
top of the formation. 


99 


This statement covers the field conditions 
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perfectly, and if a stratigraphic break occurs as suggested by the 
paleobotanist, it is certainly of an exceedingly obscure nature. 
Yet this unconformity, if it exists, must be of great magnitude, 
for it means the transgression by beds containing a Livingston 
flora across the Bearpaw, Judith River, Claggett and possibly 
down to the Eagle or its equivalent at Livingston—since the 
paleobotanist admits the possibility that the lower part of the 
coal measures may be of Montana age. This overlap must be 
most strongly pronounced in the vicinity of Potter Creek valley, 
since the entire Montana group is known to be present there as 
proved by Bearpaw fossils. There again, however, even where 
such an assumed unconformity should be most evident, its occur- 
rence has never been suspected in the field. 

In regard to the possibility of an unconformity im the coal 
measures at Livingston all the evidence argues against such a 
‘conclusion. Marine shells have been found (see p. 655) at the 
top of the coal measures. Plants are not confined to a zone 
closely associated with the upper coal, beneath which the paleo- 
botanist would place an unconformity. On Boulder River, Cal- 
vert collected the following species, identified by Knowlton, and 
by him assigned to the “ Laramie”’: 


Protophyllocaldus polymorpha (Lesq.) Berry. 
Protophyllocaldus lanceolatus? (Lesq.) Berry. 
Sequoia reichenbachi (Gein.) Heer. 

Anemia elongata (Newb.) Kn. 

Leguminosites cassiodies Lesq. 

Sequoia Langsdorfiu? 


On Boulder River the coal measures are 780 feet thick, and 
the leaves quoted above were obtained from two carbonaceous 
horizons 27 feet apart, 500 fect below the top of the formation, 
and over 300 feet below the upper coal zone. 

At Storrs plants assigned to the “Laramie” by Knowlton 
were obtained 150 feet below the upper coal. Even on the basis 
of plant evidence therefore the occurrence of an unconformity 
within the coal measures is not considered tenable by the writers. 
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Still another phase of the problem needs consideration and here 
no new evidence can be presented. In the Three Forks folio 
Peale makes the following statements relative to the Livingston: 


The largest (Livingston) area is probably that in the vicinity of Sphinx 
Mountain, where the Sphinx conglomerate rests unconformably upon it, 
(the Livingston). This area is about 15 to 20 square miles in extent, 
and the deposits are made up of a mass of volcanic materials indistinctly 
bedded, mostly andesitic in nature, and of a somber hue. This generally 
black mass rests unconformably upon the eroded surfaces of the pre- 
viously deposited Cretaceous formations, contrasting strongly in color 
with the Laramie sandstones and the Dakota conglomerates, with both 
of which it is in contact. ... The Livingston beds in the northwest 
corner of the district present a somewhat different aspect from those 
just described, being not so dark in color and showing more distinct 
evidences of bedding; they are also more nearly conformable to the un- 
derlying Laramie beds with which they are in contact. 


These areas of Livingston rocks have not been examined by the 
writers, hence any judgment passed upon them at this juncture 
must necessarily be more or less hypothetical. The observa- 
tions of Peale are important, however, and cannot be ignored. 
There is no question that the “Laramie” of Peale is the same 
as that of Weed in the Livingston section, and that the Livingston 
of the two areas is comparable in lithology and stratigraphic posi- 
tion. It will be noted that Peale states that the Livingston “in 
the northwester corner of the district is more nearly conformable 
on the Laramie,” or, in other words, that the unconformity is one 
of overlap rather than of visible discordance in dip. It has been 
shown in this paper that andesitic material is no criterion of age, 
as in the Livingston area, adjoining the Three Forks quadrangle 
on the east, it occurs at various geologic horizons from Colorado 
to Fort Union. Hence if Peale mapped the Livingston on 
lithologic grounds, as he did in this northwest area, there might 
be the appearance of unconformity without one existing in 
reality. 


The fact that a strongly marked erosional unconformity occurs 
at the base of andesitic beds in the vicinity of Sphinx Mountain 
does not render less logical the general claims advanced in this 
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paper. At the time the andesitic material was laid down near 
Livingston there must necessarily have been a nearby land area 
where the products of vulcanism were poured forth which sup- 
plied the Livingston sediments. Somewhere along the shore line 
then, unconformity might naturally result, and the indistinctly 
bedded character of the rocks constituting the Livingston at 
Sphinx Mountain is some evidence bearing on the contiguity of 
this hypothetical land mass. It seems to the writers, therefore, 
that even if there is no doubt of the reality of the unconformity 
in question in the Three Forks area, it does not invalidate the 
conclusions reached in this paper regarding the stratigraphic rela- 
tions of the so-called Livingston formation elsewhere. 


CONCLUSION. 

A brief statement of the substance of this paper is as follows: 
A great thickness of sedimentary deposits occurring at Living- 
ston, Mont., composed largely of tuffaceous material has been 
called the Livingston formation. It is described as lying uncon- 
formably on coal-bearing sandstone of Laramie age. 

The evidence, both from stratigraphy and invertebrate paleon- 
tology submitted in these pages, shows that the coal-bearing sand- 
stone is Eagle, or at least lower Montana in age. It is admitted 
by paleobotanists that the flora of the upper part of the coal- 
bearing beds is similar to the Livingston flora, the greater part of 
which comes from within 600 feet above the coal-bearing sand- 
stone. The coal-bearing beds are transitional into the tuffaceous 
beds above. ‘Therefore, the evidence of both stratigraphy and 
paleobotany indicates that the Livingston beds are conformable 
on the underlying coal-bearing beds. 

The Livingston formation was originally described as a litho- 
logic unit of tuffaceous material derived from volcanic activity, 
the material of which the beds are composed, and not the fossils, 
determining the extent of the formation. Beds of this character 
are most abundant in the Livingston region but they have been 
traced north and east around the Crazy Mountains where beds 
of similar lithology are found in all the formations from Colo- 
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rado to Fort Union, and where they feather out into and merge 
with fresh- and brackish-water and marine deposits. 

Stratigraphic relations, marine invertebrates, and fossil leaves 
prove the Montana age of the lower part of the tuffaceous beds 
on the west side of the Crazy Mountains originally mapped by 
Weed as Livingston. Northeast of the mountains some of the 
tuffaceous beds are younger than Bearpaw and older than Lance, 
while the youngest of the andesitic deposits are Fort Union. 
From this evidence it is concluded that the lithologic unit of 
tuffaceous deposits originally described as the Livingston forma- 
tion has no definite age, and no formational value except in the 
immediate vicinity of the type locality. 

Even though the evidence here detailed may not be convincing 
to everyoné, this paper is presented with the belief that its main 
conclusions will be verified if more detailed work on the stratig- 


raphy and paleontology of the region is ever undertaken. 
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EDITORIAL 


THE CONSERVATION OF MINERAL RESOURCES. 


The “conservation movement” which has been so widely dis- 
cussed in the last few years is a more definite expression of what 
has been for a much longer period in the minds of many persons 
who have been well-informed regarding the mineral resources 
of this country; but from its use as the subject of muck-rakers’ 
articles in more or less sensational magazines and as a political 
war-cry which will appeal to the ignorant albeit well-intentioned 
masses, it has become an object of grave distrust in the minds of 
not a few. Of the latter group the writer is one. As at present 
advocated and to a certain extent conducted, the movement comes 
dangerously near a dictatorial disregard of that clause in the 
Constitution that sets forth the inviolability of contracts, for it 
is difficult to see in what respect a contract in which the United 
States government is one party differs from that between in- 
dividuals. 

‘the Cunningham coal claims in the Controller Bay field of 
southeastern Alaska are the storm center of the conservatism 
movement to-day. Volumes of testimony have been taken in 
Washington and much impassioned oratory has been uttered by 
learned counsel. In the recent Congressional investigation em- 
phatic statements were made on the stand by the advocates of 
conservation of what they proposed to prove, and it is not too 
much to say that those who have carefully read this testimony 
are still waiting for the revelation of any facts which will prove 
their statements. -In the personalities of the case and in the 
diversion of attention to side issues such as whether or not the 

* The signed editorials wlfich it is designed to publish from time to time in 


these columns are expressions of individual views and do not represent the 
consensus of opinion of the editorial board. 
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attorney general or someone else, back-dated a document or not, 
the attention of the public is readily diverted from the main 
point of which as regards the coal claims the following is be- 
lieved to be the truth. 

The United States government encourages the discovery and 
location of mineral deposits and has done so for many years. 
The reward thus held out to a fortunate prospector has been 
one of the greatest influences in opening the western country 
and Alaska. With the support of a number of men of excellent 
financial standing chiefly in Washington and Idaho, and armed 
with powers of attorney from them, as, under the law was per- 
fectly proper, Mr. Clarence Cunningham in 1903, penetrated this 
at the time, little known, very rough, inaccessible and unorgan- 
ized region and staked out the coal claims in question. This was 
done under authority conferred by an Act of Congress, 1900, 
extending the general mining laws of the United States to 
Alaska." 

Later on in 1904, a new law was passed with regard to Alaska 
coal lands and soon thereafter Mr. Cunningham re-located all 
the claims, using new powers of attorney and observing the terms 
of the new law. The 33 locators of the claims then filed upon 
them, paid the required $10 per acre, about $52,800 in all, and 
received the usual certificates of purchase, but not the final 
patents. While it is unlawful for a prospector to locate coal 
properties if he has a prior understanding for conveyance after 
patent with a second party, so as, of course, to prevent dummy 
locations, yet once the ownership of a tract is secured there is 
no restriction upon subsequent sale or lease or development. 
Eighteen of the locators having their certificates of ownership 
then opened negotiations for their development, but the negotia- 
tions did not lead to any definite contracts. Somewhat over 
four years after the law mentioned above Congress passed, in 
May, 1908, further restrictions upon the locations of Alaskan 
coal lands, and subject to this law the Cunningham claimants 
were offered patents by Secretary Garfield. But, as their claims 


"Reference to specific act. 
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were recorded and ownership obtained under an earlier law, 
they naturally refused to accede to post facto legislation. The 
whole matter has been still further complicated by the post 
facto activities of the Forestry Bureau which under Mr. Pin- 
chot’s administration has endeavored, in what seems to us a most 
arbitrary manner, to prevent the 33 locators from securing their 
patents. The whole matter moreover has been made such a 
political issue that it cannot fail to be unduly embarrassing to 
the President and the present Secretary of the Interior, who, if 
they do what seems to be their plain duty and issue the patents, 
are bound to suffer somewhat in general popularity. A full and 
very temperate statement of the whole matter is set forth by 
Mr. Horace V. Winchell in the Engineering and Mining Journal 
for April 23, 1910, pp. 860-863. While Mr. Winchell’s state- 
ment will be taken unhesitatingly as final by all who know him, 
I may add that from other not less valuable sources, I have 
become familiar with this case and that both in matters of law 
and matters of fact I have become convinced that the claims are 
impregnable. Mr. Cunningham and his associates have been 
grievously wronged by autocratic and bureaucratic methods of 
agitation and procedure. 

For those who do not know Mr. Winchell personally the case 
reduces to the credibility of two witnesses and the probability of 
the correctness of their testimony. Mr. Winchell’s testimony is 
detailed and specific; that of Messrs. Garfield, Pinchot, and their 
former subordinates is vague, is based on suspicions rather than 
facts and is unsubstantiated. It seems incredible that any well- 
balanced mind could hesitate in reaching a decision as between 
the two. 

This particular case brings up a general situation that has its 
serious side. The government holds out inducements. Pros- 
pectors avail themselves of the opportunity. They may go to 
great expense and effort, as in the Cunningham case, and may 
in the end be deprived of their proper reward by the autocratic 
action of a bureau chief. The law now prevailing may be 
faulty, but so long as it is the law, no generalities about the 
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“people’s wealth” and no appeals to the collective cupidity of 
the masses ought rightly to prevent carrying out agreements. 

But there are other equally weighty objections. In the recent 
so-called investigation of the present Secretary of the Interior. 
practically the sole tangible result was obtained by the prosecu- 
tion because a confidential secretary was induced to violate one 
of the fundamental rules of ordinary loyalty to a chief, and 
committed an act such that if the practice were general, mutual 
confidence between men would be destroyed and society would 
be reduced to chaos. Happenings of this sort cannot fail to 
make the widely spread talk of the prominent conservationists 
about governmental righteousness and moral principles seem like 
the purest rot. It is little wonder that the conservation which 
they support becomes an object of grave distrust. 

There are obvious objectionable features in our laws for the 
location of mineral claims. The exercise of powers of attorney, 
is one. Whole districts such as Nome have been tied up unen- 
durably by their means. It would be better to require every 
locator to do his own locating in person. Powers of attorney 
are, however, at present quite proper under the law, and must 
in honesty be respected. Their abolition for future claimants 
to mineral rights would be one feasible method of promoting 
conservation. 

The Apex law is firmly established for claims already re- 
corded, but it has caused endless trouble, uncertainty and waste. 
Its repeal as regards new claims would be an eminently sensi- 
ble way of promoting conservation. But while almost every- 
one freely admits its unwisdom, very little of the pent-up energy 
for conservation has been directed along the lines of this obvious 
reform. 


In former years during the speculative and excited drilling 
for petroleum, extensive flows of natural gas were occasionally 
discovered. At the time no practicable use had been found for 
this priceless fuel, nor had devices been invented for its con- 
finement and utilization. It was often burned as a huge torch, 
when not allowed to escape unconsumed into the air. This 
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wasteful procedure would now be reprehensible in the highest 
degree, and we find that nearly all the States where natural gas 
has been or might be struck have passed restrictive legislation. 
Every drill hole ought to be provided with some sort of valve 
whereby unrestricted escape whether of oil or gas could, under 
normal conditions, be prevented. Emissions might indeed be 
tapped under such great pressure that no valve would stand 
against them, but they would be rare and as a matter of every- 
day practice it would seem to be a fair requirement to have at 
the upper end of the casing some sort of a hinge or other valve 
which could either be closed by hand or which would be auto- 
matically closed by a sudden rush of oil or gas. It is also a 
fair proposition to restrict the number of wells upon a certain 
superficial area giving every owner of however small a tract one, 
as would be necessary under common law rights, but establish- 
ing a proper distance apart for those on larger tracts. Condi- 
tions could be reached which would prolong the life of a pool, 
and yet be fair to all concerned. Nevertheless, experimental 
wells are expensive, the business is largely a lottery, with fewer 
prizes than the uninformed realize and no legislation should be 
undertaken which kills the interest, or discourages the prospector 
from taking the chances which he has hitherto been accustomed 
to face. 

In the ‘matter of coal it is also fair to prevent waste. Thus 
some fifteen years ago in the Pocahontas coal region of Vir- 
ginia the writer saw the operators compelled by the business con- 
ditions of mining to attack only the superb 8-11 ft. seam which 
yielded the famous coal of the district. Thiity or forty feet 
above was a seam 3 ft. or more in thickness which by itself at 
that time no one could profitably mine. The caving of the cham- 
bers in the thick seam bade fair to destroy the small one as a 
source of fuel certain to be needed before many years had 
elapsed. It seemed at the time as it does with increasing force 
now that the prevention by legislation of such destruction would 
be a perfectly reasonable step. An artificial barrier ought to be 
placed by law against the ruin of valuable resources and such 
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barrier ought to be one of the conditions to be met in mining, 
as inevitable and as real as the physical problems. 

As time passes and improved methods of mining are more and 
more widespread, new plans of attacking seams may develop 
which will prevent loss in pillars and yet leave coal-mining a 
profitable business. Usually self-interest will of course prevent 
loss of coal but it is possible that the new Bureau of Mines may 
be able to suggest improvements in methods of attack or spread 
information about them which will be of real value. In metal 
mining in almost all cases there is little if any field for the in- 
terference of the Government. The companies themselves 
which are established upon profitable deposits are more anxious 
than any outsiders could possibly be to prevent waste or loss. 
The carefully trained and experienced technical men who are in 
charge and who have come to know the conditions, may almost 
without exception be trusted to manage their enterprises with 
the greatest possible economy. Governmental interference, ex- 
ercised through the instrumentality of officers but imperfectly 
informed about conditions and at times over-zealous to make out 
a case for some remote official in Washington is repugnant in 
the highest degree to every one who can intelligently consider 
the question. Beyond safeguarding the lives of the miners so 
far as conditions admit; beyond collecting the proper levy of 
taxes and compelling a reasonably full and an honest periodic 
statement of operations and. reserves, there is little ground for 
governmental resiriction. 

Regarding metalliferous deposits as well as coal there are in 
popular estimation widespread and very erroneous conceptions 
which are fostered by promoters of speculative enterprises and 
by writers of sensational articles in magazines. Mines are re- 
garded as treasures hidden in a field, which one has only to dig 
up and enjoy, whereas, even a very limited experience soon 
shows that profitable ore-bodies are extremely rare, and that a 
hundred unsuccessful prospect holes are dug in order to find one 
or two that justify exploitation. Many an ore body which is 
profitable when worked on a large scale has been a cause of ruin 
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to men of smaller means. The chances of failure are so great 
that specially generous conditions for the locators of claims are 
necessary in order to have the prospector carry on his work at all. 

The cheap magazines have spread many pages of wild state- 
ments, by men, of whom it is charitable to think, they knew no 
better. For instance, in an issue of McClure’s Magazine the 
past winter there is an article upon Alaska coal fields, which 
credits them with a billion tons, worth a dollar a ton, and there- 
fore worth a billion of dollars, all of which vast sum is being 
handed over to the unscrupulous rich! But it is of course ele- 
mental in coal enterprises to acquire enough to justify mining 
for a long period of years, say twenty-five, fifty or a hundred. 
Suppose an operator will realize the unusual profit of a dollar a 
ton upon coal mined twenty-five, fifty or a hundred years hence, 
or upon fractions of these periods, the real question is, what is 
the coal worth per ton today. Because an investor might put 
his money in a savings bank and without effort or appreciable 
risk on his own part have it double in twenty-five years, quad- 
ruple in fifty, and so on, we do not say that his one dollar is 
worth two, four, or eight today. No more is a ton of coal which 
may yield a dollar profit ten, twenty-five or fifty years hence 
worth a dollar today. That a purchaser will pay for coal in 
the ground more than a fraction of the profit he will realize for 
it, eliminating from the selling price per ton, when estimating 
purchase values, all that portion which belongs to mining ex- 
penses, amortization, interest on investment, and the like, seems 
too absurd to even combat. The billion dollars worth of coal 
soon reduces to a present value of twenty-five millions or some 
such sum and even this value can never be realized unless cap- 
italists of large means make heavy outlays for railroads and 
shipping. The vast pity about a muckraker’s article is that great 
numbers of the ignorant actually believe it while the few well- 
informed find cynicism almost the only philosophical resource. 

J. F. Kemp. 





DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


SPECIAL PROBLEMS AND THEIR STUDY IN ECO- 
NOMIC GEOLOGY. 


DISCUSSION OF EDITORIAL BY J. D. IRVING. 


Sir: The editorial by Professor Irving in the last number of 
Economic GEo.ocy should be gratefully received for it contains 
criticism of the acceptable and beneficial kind—constructive 
criticism. At the outset I shall cheerfully admit that many of 
the points are well taken and that progress along the lines indi- 





cated—namely, the investigation of special problems, is not only 
desirable but necessary. Professor Irving refers to the fact that 
much of the economic work in metal deposits has been under- 
taken by the United States Geological Survey and it is from the 
standpoint of this organization that I would like to add a few 
words to the discussion. 

First as to the size of the problems: Few people realize the 
enormous area over which the metal deposits of the United States 
are scattered, and the difficulty of covering the field at all ade- 
quately ; there are many thousands of mines occurring under the 
most varying geological and climatic conditions; the prospecting 
activity is intense, and it requires no little work to keep informed 
on the new developments and discoveries. Old districts must be 
reéxamined in the light of the developments of ten or twenty 
years. Compared to the questions involved, the staff of the 


metalliferous section of the survey is certainly inadequate. 
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Second, as to methods of work: There are three ways open 
to the investigator, not two as Dr. Irving states. The first is 
the monographic method or the study of selected important min- 
ing districts in great detail. This he erroneously calls the descrip- 
tive geographic method. The second, to which scarcely any 
reference is made, is the true geographic method, and consists 
in comparative study of all of the mineral deposits in a given large 
area in order to ascertain their geological relationship and genesis. 
Frequently it brings excellent results because the true genetic 
relations are apt to be obscured in the largest deposits. The 
third is the method of the special problems, so ably explained by 
Dr. Irving, in which a single important problem—say that of 
secondary sulphide enrichment—is examined in deposits of a 
wide region. 

The economic work of the Geological Survey began with 
examinations according to the first method, at Leadville by 
Emmons and at the Comstock by Becker ; the second method was, 
however, not neglected in the early days, as indicated by Becker’s 
monograph of the quicksilver deposits of the Pacific Coast, and 
the work in the gold-belt of the Sierra Nevada, a comprehensive 
plan which was never fully carried out. For a long time the 
monographic method prevailed, but during the last few years the 
emphasis is being laid on the geographic method. This is easily 
apparent by a careful study of the later publications of the 
Survey. 

The Geological Survey is not primarily established for the 
study of abstract scientific problems, however much their eluci- 
dation may finally contribute to the solution of practical problems. 
A part of its duty is to examine and describe the mineral deposits 
of the United States for the benefit of the mining industry. 
Necessarily incidental to this a vast amount of purely scientific 
data is acquired and as far as possible it is the desire of the 
officers of the organization to collate and study these data so that 
important general laws regarding the genesis of deposits may be 
discovered. One would suppose this digestion and assorting 
of data might be a congenial task for the professors of univer- 
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sities but with few exceptions they have shown no marked en- 
thusiasm for the undertaking. 

The monographic method must be retained for its utility to 
the mines and the engineers has been clearly demonstrated. 
From the number of reports it might seem that “nearly all the 
larger districts of the west” have been examined, but a more 
careful scrutiny will show that many districts of first class im- 
portance, and hundreds of smaller mineral bearing areas have 
as yet received no attention. For the latter kind the mono- 
graphic treatment is clearly out of the question; they must be 
included in the description of larger areas. 

The Geological Survey must turn to the geographic method 
of describing ore deposits, for several reasons: (1) It is abso- 
lutely necessary to undertake a census of our metallic resources, 
to see where we stand, to estimate our probable productive capa- 
city ; to ascertain the extent of the mineral lands. (2) The Geo- 
logical Survey must have information to furnish their innumer- 
able correspondents and supply the legitimate needs of the 
engineers and local miners. The small districts may need atten- 
tion even more than the large ones, whose companies are usually 
in a position to obtain the best geological advice without turning 
to the Federal government. (3) The safest way to obtain re- 
liable conclusions as to the genesis of ore lies in a study of the 
geological relations of a large number of deposits over a wide 
area, for then the different classes of deposits and their age 
relations stand out in clear relief. Conclusions, drawn from the 
study of a single district, however large and important, has often 
proved misleading. (4) Our knowledge of the general geology 
of the United States, lamentably slight in many large western 
areas, will be greatly extended by this method. 

The first comprehensive report of this kind is represented by 
the “Ore Deposits of New Mexico,” recently issued.1 The 
volume may perhaps be criticized as containing too much detail 
in some districts and probably the plan may be modified in other 
issues of this kind. It is proposed to issue similar comprehensive 


* Professional Paper 68. 
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n- 5 reports for the other States, as far as possible summarizing our 
| information concerning them. Needless to say that this is not 
to | the work of a day or a year, and it will be necessary to publish 
ed. many preliminary bulletins of smaller areas, in order not to 
the withhold information. 
ore The method of special problems will certainly form a part of 
im- the work of the metalliferous section as far as it can be followed 
ave 


by a small staff that is doing its best to handle tremendous prob- 
no- lems. The members of the survey are pleased and gratified 
3 that the geclogists and engineers of the country consider them 
equipped to approach these difficult questions. Sometimes they 





hod may feel that a little too much is expected from them. They 
bso- note for instance plaintive inquiries from San Francisco friends 
rces, in the mining press why some fundamental laws are not dis- 
apa- covered, and requests that certain geologists may be detailed 
Geo- to unearth these missing principles. I do not believe, with Dr. 
mer- Irving, that such discoveries are a matter of chance or of oppor- 
the \ tune requests for papers from scientific or engineering societies. 
tten- } They will come in due time but it is not advisable to foster them 
ually too violently by hothouse methods. They must rest on the solid 
‘ning foundation of exact observations, and numerous observations 
n re- otherwise they are not likely to stand. Compilations of existing 
f the literature may be valuable, but only if they are made by the men 
wide best qualified to investigate the particular problem involved. 
r age Such special investigations are not a matter of short time; to take 
m the an example, it would undoubtedly be of great benefit to any one 
often writing on sulphide enrichment to travel and see a great number 
ology of deposits. But here again it is a question whether such neces- 
estern sarily superficial examinations would really solve the problem. 
Take the Comstock lode, for instance. An investigation of its 

ted by enriched ores is urgently needed, but does any one imagine that 
The this can be done during a visit of a few days? Here again we 
detail come back to the already emphasized conclusion that to be of 
1 other value for generalizations, observations must be accurate and 
iensive plentiful. If I am not mistaken, the elucidation of the Comstock 


problem would require about a year of the time of a good mining 
geologist. 
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The field of special problems is a large one and we should be 
grateful to Dr. Irving for pointing out a number of them, even 
if we may regret that he doubts (in his second question) such 
a well established fact that metallic sulphides may be original 
constituents of igneous or sedimentary rocks. 

That our literature is becoming bulky is true, but is it not 
because our metallic production is likewise swelling to unprece- 
dented proportions? An effort will be made to reduce the details 
in the geological reports to a minimum amount. An omission of 
detailed descriptions would probably, however, bring forth a 
spirited remonstrance from the mine owners and engineers who 
take a more directly practical viewpoint. 

It can hardly be admitted, however, that ,the sufferings of 
the searcher after truth are as pathetic as painted, for the im- 
portant results are always given in the general part of the reports 
where they can be found with comparatively slight labor, with the 
help of excellent lists of contents and index. What is more 
difficult is really to find one’s way among the volumes of the 
scientific journals when hunting for information bearing upon 
special points. 

The geologists of the Federal Survey gladly accept the criti- 
cisms and will surely endeavor to improve and extend their work. 
The requirements upon them are—and must be—many-sided, and 
they plead guilty to falling short of expectation at times, in 
their work. But they are not willing to admit that they do 
not see their opportunities, nor that they work without definite 
plan and aim. With the vast field before them they must ask 


for time to cover it—and to do it well. 
WALDEMAR LINDGREN. 


Sir: I have read with great interest your editorial on the im- 
portance of studying special problems in economic geology, and 
of making such studies the themes of published bulletins by 
geological surveys. The titles of proposed problem investiga- 
tions which you suggest are all of them academic. Your sug- 
gestions would be taken as a matter of course if the suggested 
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studies were a list submitted to the Carnegie Institution of Wash- 
ington. They become polemical, if not openly belligerent when 
carried into the field of federal or state surveys. At the same 
time all geologists who have a real love of scientific progress 
sympathize with the underlying ideas of your criticism of exist- 
ing geological surveys and the war waged is the ancient one 
between those whom Aristotle characterized as “always hunt- 
ing after the profitable”’ and those seeking “ that which tends to 
virtue and is really excellent.’ This struggle is going on wher- 
ever the self-seeker antagonizes the altruist, or where the ignor- 
ant encounters the learned, or the materialist crosses the path of 
the seeker of ideals. It is fair to the geological surveys, how- 
ever, to conclude that their scientific staffs are actuated by the 
love of pure science quite as much as is any academic body. Can 
we not, therefore, find some solution for the conflict with legisla- 
tors which you cite, through the mechanism of publication, with- 
out any drastic change of policy? 

It seems to the writer that the topical discussion of scientific 
themes ought to be published by geological surveys, or any other 
publishing agent, in volumes which are avowedly of a different 
class from regional reports. The geographic side of geological 
work is all-important, and every young geologist should spend 
many years in mapping which is more or less mechanical. The 
writing and publishing of texts to accompany geological maps 
might in these days be done by a force of properly trained clerks, 
and if the texts accompanying atlas sheets were so published, and 
were confined to statements of fact, there would be much less 
diversity among them than is the case at present. When you 
decry “mechanical mappers and soulless statisticians” you seem 
to me unjust. Mechanical maps and soulless statistics are abso- 
lutely essential for all our geological work, and our greatest men 
of true genius have spent many years of their lives compiling 
both. The compilation of this material might, in many cases, 
have been done by office workers of lower grade, so far as mere 
arrangement of facts is concerned, but never the field work. The 
tradition exists and has taken deep root in the geological mind 
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that every field surveyor must write his own report. The reason 
for this view is the all-prevalent custom of making reports which 
accompany maps a hodge-podge of fact and theory. I believe, 
after years of experience in teaching students geological mapping, 
that it would be possible without great difficulty for a geological 
survey to so regulate the mechanism of its field note-books, speci- 
men collections, field maps and laboratory reports that all records 
of fact in their relation to atlas and structure-sections might be 
compiled and arranged in texts and tabulations by a force of 
clerks. Geology has now become sufficiently systematic to be 
treated like topography in this respect.. So far as art and judg- 
ment need come into the records of a geologist’s field mapping, 
these may all appear in his rough color sheets*and in the form of 
his statements of fact. 

If such an arrangement as this could be made, the field man 
would then be free to treat the problems which most interested 
him in academic fashion. With the duplicates of his rough 
maps and notes he could devote himself wholly to true scientific 
work. The younger men would necessarily spend some years 
in combined field and clerical work, and on the other hand, the 
men advanced in years and attainments would, with the assist- 
ance of their juniors, be relieved even in the field of cartographic 
routine. The vital cleavage line should rest with the publica- 
tions. If it were decided, for instance, to call all topical writ- 
ings monographs, then let the authors of such works have an 
absolutely free hand in their authorship. Let it be understood 
that no bureau or society assumes any responsibility for the 
style, substance, opinions or theoretical conclusions written by 
monograph authors. Responsibility begins and ends in the 
choice of the man. On the other hand, the bureau or society in 
question should assume all responsibility for the non-mono- 
graphic routine publications with their maps and texis, and see 
that the facts recorded are as nearly true as possible. 

It may be urged that this cleavage is nothing new and that 
the monograph has always been set apart from the bulletin or 
atlas text. There is such a distinction vaguely conceived of in 
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the minds of most of us, but it is not enforced in practice. The 
monographs and professional papers—the last being mono- 
graphic in character—of the United States Geological Survey 
are many of them geographical or regional reports, with theore- 
tical conclusions indiscriminately mixed with collections of facts. 
Moreover, this federal organization sometimes attempts to censor 
matters of theory and opinion as well as accuracy of fact. The 
result has been a singular divorce between the institutions of 
learning and the Government Bureau which has grown up in the 
last ten years. This has been occasioned chiefly by delay and 
inadequate accomplishment of routine cartographic work by 
college men. The geological survey was forced, with a view to 
the efficiency of its service, to put this work into the hands of its 
permanent staff, and the college men frequently became aggrieved 
and in some cases withdrew from government employ with loud 
published outcries of chagrin. The Washington Bureau was in 
the right in most of these cases, and the college men were neces- 
sarily quite unable to serve two masters during the academic 
year with the same fidelity that they served one in field work 
during the summer. Many of these college men, however, could 
they have turned in their records of fact to be compiled by others, 
would have been glad to publish in government monographs 
their theoretical conclusions on selected topics. They would not, 
however, consent to do this if they knew that even the text of 
their topical treatment of science was to be censored unmerci- 
fully by an officialistic clique of topical chieftains, presuming, 
under the zegis of a bureaucratic oligarchy, to dominate geo- 
logical thought in America. If, on the other hand, they felt 
assured after being invited to write a monograph by the govern- 
ment bureau that they would have the same freedom of e>:pres- 
sion, arrangement, orthography, illustration, and opinion as in 
the publications of their own academic institutions, the college 
men would welcome the honor so conferred upon them, and for 
very small recompense provide valuable and eclectic discussions 
of many important topics. It is just these discussions, as I 
understand it, which your editorial complains are now wanting 
in America. 
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The government bureau would be wholly justified in a censor- 
ship by topics of all that half of its work which concerned carto- 
graphic detail and statements of fact. It would profit by the 
friendly criticism, controversy and open discussion of theory 
which would be sure to develop in its uncensored monographic 
publications, where individual personality, literary style and 
sound learning would be given free sway, and each man whom 
the Bureau thought fit to accept as an author, would feel no 
restraint in voicing the best results of his mature thinking. 

T. A. Jaccar, Jr. 

November I, IQIo. 


Sir: I have read with great pleasure the editorial in No. 7 of 
Economic GroLocy. It strikes a right note and should appeal 
to every mining engineer and mining geologist. There is no 
question of the correctness in the statement regarding the avail- 
ability or rather I should say the unavailability of classified 
information upon given lines of research or investigation. 
Practically every report of the geological survey contains papers 
or monographs relating to the study of some special problem, 
brought out during the investigation of the particular area under 
consideration, but seldom correlated to similar problems pre- 
viously studied and reported on in other areas. 

It certainly would be of great aid to every mining engineer 
and would greatly enhance the value of the geological survey’s 
publications if they would issue from time to time a bulletin 
specially devoted to one or more of the great problems of prac- 
tical geology, being a compilation of preceding desultory reports 
on such problems contained, but possibly buried up, in their areal 
reports. To this matter should be added all information pos- 
sible relating to the same problems, which may have been studied 
and discussed by other observers than those attached to the 
survey. It might be a question whether the survey as a present 
constituted could extend its usefulness along these lines, but there 
is no question as to the desirability of their doing so if possible. 

I seriously question however the practicability of your sugges- 


——— rk 
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tion that our federal survey might assign the special study of 
these problems exclusively to any one investigator as that might 
tend to cripple and emasculate the work of every other investi- 
gator now in the field. 

It appears to me also that the solution of any given geological 
problem is more apt to be really correct when the data on which 
it is solved represents the coinciding and cumulative views of a 
large number of independent trained observers, rather than 
emanating from one investigator who would be more likely, even 
though unintentionally, to gradually formulate a given theory, 
and strain every point to interpret the observed phenomena along 
lines favorable to that theory. 

The one thing certain however is, that a compilation of all 
observations along the lines of the several questions you have 
mentioned would be of inestimable aid, to the field engineer in 
all future examinations, and it is to be hoped that some such 
compilation may shortly be published, either by the federal sur- 
vey, or some other body of men engaged in original research. 


E. Gyppson SPILsBuryY. 


Sir: I read your editorial and at once began to write a letter 
to you. But my expressions became more forcible than becomes 
a man who has retired from his work and who is seeking to live 
in reasonable peace with all mankind. 

Your editorial strikes at an evil which is increasing with 
threatening speed. I have been engaged for years in prepara- 
tion of a monograph, that ought to have been completed years 
ago, but I am still in the preliminary step, plodding wearily 
through many thousands of pages, filled with unimportant notes, 
with no grouping of facts, no presentation of relations between 
the petty area described and the great regions beyond. The 
authors, too often, seem to have regarded their districts as though 
they were individual planets wandering alone through space. 

I have no desire to criticise the observers—the fault is in the 
system. As a rule the individual areas have always been too 
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small and the workers have been independent. As an illustration: 
on the Pennsylvania Survey, the Platt brothers were at the east 
of my area, afterwards at northeast; White was north. But we 
were never brought together for conference. Each went on his 
own way and when we came together we did not always agree 
in classification, though our work agreed closely. Different 
names were assigned to the same things by the observers in the 
different fields of work. The conditions were not so bad in the 
coal areas as in other portions, for happily the districts assigned 
proved to be reasonably good geological provinces. 

It would be a blessing if some men could be assigned to the 
work of correlating observations so that observers may be able, 
in reporting their work, to be systematic. No one should cen- 
sure the geologists because they give merely field notes: no other 
course is available. But if the salient features of a great area 
were known, if the principal divisions of deposits were reason- 
ably well-defined, the workers throughout the area could be 
required to divide their reports into systematic and descriptive 
portions. 

J. J. STEVENSON. 


Sir: In his editorial on the respective merits of areal work and 
problem work in economic geology, Dr. Irving touches a matter 
of vital importance. While he limits his discussion to economic 
matters, it is scarcely less pertinent to work regarded as purely 
scientific. The attitude taken by Dr. Irving is so judicial in its 
recognition of the imperative value of each line of effort that it 
is almost beyond debate, however much a further discussion of 
the subject may help to emphasize special aspects. It will 
scarcely be denied that it is indispensable to the best outcome in 
the end that the foundations of the science be laid firmly in con- 
crete facts and in basal principles equally ; in local details and in 
wide summations alike. The practical problem is to compass 
both these to the highest measure permissible with such talent as 
is available or producible, and with such finances as are pro- 
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curable. Dr. Irving strikes a vital note when he points out the 
duty of the profession to educate the public and the public’s legis- 
lative representatives to right ideas and to wise action, for the 
root of the matter lies largely here. It is the duty of the engineer 
to direct the current, not merely to float on it. 

The question of a revised distribution of effort takes special 
shape according to the class of workers or of working organiza- 
tions involved. Three such classes embrace the larger number 
of working geologists: the official surveys, the universities and 
the professional experts. 

The official surveys of this country, state and national, seem 
to me to offer in their constitutional bases lines of diversity of 
effort that are clear and fundamental and that precisely fit the 
case. These lines are at the same time lines that define harmoni- 
ous cooperation ; lines whose adoption makes for mutual develop- 
ment. These lines are identical with the original distribution of 
governmental functions between the States and the general 
government provided in the federal constitution. That which is 
measurably local in government is the function of the several 
States; that which is common to all and is fundamental to the 
well-being of the whole is the function of the general government. 
A precisely similar division seems to me to hold respecting the 
scientific work of these codperative governments. The general 
and the fundamental work is the peculiar function of the national 
organization. This is the only organization that is officially 
authorized to take up work in all the States. It is hence the only 
governmental agency that is properly commissioned to follow up 
a special problem throughout the national domain. The work 
urged by Dr. Irving is precisely the kind of work that the national 
survey is free to do and can do with the most complete appro- 
priateness. 

The local descriptive work is obviously the appropriate work 
of the local governments. Such work as has its chief relations 
to individual deposits, as distinguished from classes of deposits, 
also falls naturally to the local organizations and to local methods. 
Since the benefits of such work are largely local also, the members 
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of local organizations or institutions are best situated to do the 
work and to reap the personal rewards. They are members of 
the special community that is chiefly benefited. 

All this holds true without admitting any hard and fast lines 
between the functions of the States and of the nation respectively. 
It is simply an appropriate cleavage plane for a distribution of 
labor which is greater than both together can adequately perform. 
‘It furnishes a good working basis for healthy codperation. 
There must, in the nature of the case, be a free interdigitation of 
functions and a generous interchange of comities, if the best 
results are to be achieved by either party. 

That the general government may properly do much in the line 
of local mapping finds a sufficient argumentein its ownership of 
lands and in its obligations to conserve the resources that are 
important to the nation asa whole. On similar grounds also rests 
its obligation to assemble data into the unified form of maps of 
the whole country for the benefit of the whole people, whether 
these maps be topographic, geologic, biologic, economic or other- 
wise. On similar grounds also rests its duty to assemble and 
organize into a unified and systematic body of truth all that 
relates to the nation’s resources, natural or scientific, and to 
develop therefrom and give to the nation and to the world such 
underlying principles and generalizations as the data warrant. 

Among the universities there are somewhat analogous constitu- 
tional features that influence the distribution of effort. But 
these are somewhat more subtle and enforce less specific obliga- 
tions. Besides, in the universities choice of effort is more in- 
dividual and freer. The state universities are naturally asso- 
ciated with the state surveys in function and tendency. They are 
interested in the development of state resources. At the same 
time university workers feel the influence of the atmosphere 
common to all universities. The scholastic impulse prompts to 
the assembling of data, and to its organization into a systematic 
body of truth. To typical workers in the independent universi- 
ties this is naturally the foremost impulse. In neither class of 
universities, however, have facilities yet become adequate for the 
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freest and most effective work but facilities are increasing 
rapidly. In the absence of institutional means the university 
staffs have very largely sought work on other than their own most 
appropriate lines, work on official surveys or on private com- 
mercial enterprises. In both of these they have been led largely 
into local work and this has intensified the unbalanced tendency 
which Dr. Irving deprecates. Given an appropriate distribution 
of effort on the part of the general government, given also its co- 
operative influence in the lines of the broader and more general 
work, the universities should more largely fall into their proper 
place in developing the science and in producing the appropriate 
kinds of workers for both phases of professional development. 

Professional experts are naturally tempted by practical con- 
siderations into economic specialization and to areal concentra- 
tion. Ideally they are perhaps freer than either of the preceding 
classes. Clearly they may specialize on subjects as well as on 
local deposits, may specialize on modes of origin, as well as areal 
distribution; on qualitative as well as quantitative occurrences. 
There is little ground to doubt the soundness of the proposition 
that in the long run the broader and deeper the studies and the 
more complete the mastery of principles, the higher the rewards. 

The individual choices made by this third class of workers are 
quite sure to follow in some measure the lead of the national 
survey and of the universities. If these latter give a due measure 
of their influence to the development of the broader and deeper 
aspects of our science which Dr. Irving justly regards as most in 
need of cultivation, the desired distribution of effort will be 
measurably realized among all classes of workers. 


T. C. CHAMBERLIN. 


Sir: Your editorial upon the above subject in the October— 
November number of Economic GrEoLoGy is one with which I 
am in complete accord, barring a few general statements of fact 
to which exception might be taken. I believe that you have cor- 
rectly diagnosed present needs in the study of ore deposits. The 
descriptive or geographic method of approach has been used not 
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too generally, but too exclusively. There have been many ex- 
cellent reasons for this and among them, certain difficulties that 
administrative officers have faced may properly be urged. A 
geological survey without funds is not a very useful institution 
and practically all who have had the duty of securing public 
money for survey work in America have found that appeals for 
support for studies of areas rather than subjects met with the 
readier response. Our whole system of political government has 
been based upon geographic distribution of powers and duties, 
and in the past an American’s most important relations were 
geographic. It is only in recent years that a man has been 
expected to be more loyal to his business, his union, or his pro- 
fession, than to his State, and a wise administrator works with, 
rather than counter to the spirit of his times. Aside from this, it 
is easy to convince most men that a survey requires systematic 
study of the whole of an area and so to secure time and money 
for continuous, careful work. Call for help for studying a 
specific problem of importance, and it will usually be obtained, 
but at the expense of a wholly new campaign when the next 
problem is to be undertaken. Whichever may have been the 
wiser route, there can be no question that the former was the 
easier, and with the history of American geological surveys in 
mind, it is not surprising that directors have taken every possible 
advantage of position when called on to face appropriation com- 
mittees. I would not defend the report “on the farm of John 
Smith” that “may help to enhance the popularity of local poli- 
ticians”’ but I would insist that the help of many politicians is 
necessary in order that geological surveys be made. 

A director, however, should do more than keep the machine 
going. His should be the task of studying the field and planning 
future, as well as present, steps. Presumably the captain of an 
ocean liner is on the bridge that he may see ahead a bit; and it is 
well if he leave to the engineer the oiling of the machinery. Pos- 
sibly our directors have been too anxious to handle part of the 
cargo themselves or too concerned with friction in the mechanism. 
Public opinion, however, among geologists and engineers has 
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been rather insistent that a director be not too ready to discard the 
khaki of the field for the general’s uniform. The men in charge 
have done what they could rather than as they would. The state 
surveys, I feel sure, have made their full relative contribution to 
subject as well as area work. Dr. G. H. Cook’s report on the 
“Clays of New Jersey” is much more than a list of localities, 
being, indeed, a highly useful work today. The series of reports 
issued by the Arkansas Geological Survey are notable contribu- 
tions to science, and are special reports. Dr. R. A. F. Penrose, 
Jr., in preparing his volume on manganese, made exactly that 
broad study of a single subject that you ask. Dr. J. C. Branner 
showed his far-sightedness in his plans for the Arkansas Survey, 
but I would respectfully call attention to the fact that both the 
plans and the work were ahead of the time in Arkansas and 
that excellent organization had but a short life. Whether any 
other American State would have gone farther then is beside the 
question, since they did not do so, though many of them, then and 
later, supported areal geological work. The influence of Dr. 
Branner’s example has been large. In Missouri Mr. Arthur 
Winslow made a broad special study of the lead and zinc deposits 
and nearly twenty years ago formulated conclusions which, some- 
what modified it is true, form now an important part in our 
theory of ore genesis. Many other instances might be cited but 
the point is of minor import. 

The real basis for so much descriptive work in the past was 
that it answered the need of the time. It was not only needed 
then but was also essential to the next step. Many fossils had to 
be described before study of migration of faunas became possible, 
and many ore deposits had to be studied in detail before the facts 
were at hand that would permit any trustworthy generalizations. 
The same has been true in the development of other sciences. 
Long years of work in systematic botany preceded studies of 
ecology and made possible the present brilliant work in breeding 
plants to order—creating new species at will. In zoology, chem- 
istry, physics, astronomy, the history has been the same. Our 
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younger science has yet to step out into the creative, or rather 
here the predictive, stage. Geologists have been properly, albeit 
too exclusively, concerned with the past. Accurate reconstruc- 
tion of a pterodactyl is a fascinating and useful task, but accurate 
forecasting of earthquakes and volcanic eruptions would be at 
least equally worthy and interesting. We have talked bravely 
enough about the pre-Cambrian, but how about the tomorrow? 
The Leadville Monograph has been much read and deservedly 
praised, but imagine the reception that would be accorded an 
equally authoritative discussion of where another Cripple Creek 
or Goldfield might be found. I would not belittle the useful 
work that has been done, but I would join in urging better work 
in the future. ‘ 

The problems you have listed, and others that may be added, 
are all of intense practical as well as scientific interest. They 
intimately concern the future development of ore deposits as well 
as of the knowledge of ore genesis. They are worthy of most 
systematic and painstaking study. They are, however, too big 
for the resources of any single institution, even the United States 
Geological Survey. In attempting their solution, geologists and 
mining engineers would do well to profit by the experience of the 
civil engineers and the chemists. When concrete suddenly came 
into use there was an almost complete absence of the scientific 
data necessary for its safe and econcmical use in buildings. As 
a result there were numerous and disastrous failures. The engi- 
neers, facing the dilemma, organized a joint committee for re- 
search. This committee formulated the problems and parcelled 
out the work to various existing institutions, and, where there 
was a gap, secured from Congress the funds with which the 
technological division of the U. S. Geological Survey went to 
work on structural material. Schools, manufacturers, practicing 
engineers, state and government bureaus, all codperated and are 


still cooperating; with the result that individual researches large 
and small have been made to fit together. Rapidly the problems 
of the engineers are being solved. In the same way the chemists, 
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being called upon to study problems relating to smelter fume and 
the damage that it does, have formed, with the assistance of the 
American Chemical Society, a central committee to bring together 
existing data and promote additional research. 

Students of ore deposits in America have the aid of many 
existing institutions, but what is needed is some common plan of 
studies and some central stimulating agency. Would it not be 
well to have a committee including representatives of the U. S. 
Geological Survey, the Association of State Geologists, the 
Geophysical Laboratory, the Geological Society of America, the 
American Institute of Mining Engineers, the Mining and Metal- 
lurgical Society, and the mining schools? It would be still better 
if the Canadian Mining Institute and other institutions north 
of the line were asked to join. The general committee could 
meet perhaps once a year but in the main would need to work 
through subcommittees since numbers, while helpful in discussion 
are harmful when it comes to action. The expense of such a 
joint committee need not be large and would not be prohibitive. 
No new channel of publication is needed and each of the institu- 
tions suggested already has means for carrying out whatever 
piece of research might be suggested to it. What is needed is 
correlation of effort. It is not important whether the best gen- 
eral paper on ore deposits be published as a U. S. Geological 
Survey bulletin, as a separate from the Transactions of the 
American Institute, or in Economic GEoLoey, provided it be 
published. The essential thing is that a few men be working on 
these broad problems and that tliey receive the aid from the 
remainder of us who must necessarily make such work incidental 
to other duties, that will be most helpful. 

As a definite practical proposal I venture to suggest that the 
Geological Society of America at its meeting this month be asked 
to appoint a small committee to bring the matter before other 
societies and institutions and to secure their codperation. The 
Association of State Geologists usually meets at the same time 
and place as the Geological Society, and meetings of the American 
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Institute, the Canadian Institute, and the Mining and Metal- 
lurgical Society will be held within the sixty days following. By 
calling their attention to the matter it should be possible to quickly 
determine whether the plan has in it any promise of usefulness. 
H. Foster Barn. 


SAN FRANCISCO, CALIFORNIA, 
December 5, 1910. 
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Soil Fertility and Permanent Agriculture. By Cyrit G. Hopkins. 

Ginn & Co. Pp. xiii+ 653. Figs. 14. 

The more patent applications of geology are of such evident practical 
value to mankind that there is little danger of failure to recognize their 
importance. Deposits of the precious and useful metals and their ores, 
workable quarries of rock, beds of gypsum and even of sand gravel and 
clay are of such obvious usefulness and afford such an inviting field 
for exploitation that we are liable to overlook the most important of 
all the geological products, namely, the soil. 

Professor Cyril G. Hopkins, of the Agricultural College of the Uni- 
versity of Illinois, is performing a great service in riveting the attention 
of thoughtful men upon the problem of permanent utility of our soils, 
and his recent book is a notable contribution to this work. His point 
of view is that which might be taken by the officers of a corporation con- 
ducting a business that is the nature of things should go on indefinitely. 
The great bulk of the farming of this country considers only the crop 
of the current year or at best those of a quarter century, remote pos- 
terity being given no thought. Yet with all of our efforts in the estab- 
lishment of the doctrine of conservation, the most vital point of all, 
the conservation of the soil, is left to the little-appreciated care of com- 
paratively few men who too often are regarded as mere theorists. 

Doctor Hopkins’s view-point is that which contemplates a continuous 
use of the soils of the entire earth through centuries to come. He ad- 
dresses his argument to the student and to the busy farmer as well, and 
both will find his book to richly repay careful study. For the former the 
author gives in Part I., “ Science and Soil,” a systematic presentation of 
foundation facts and principles of chemistry, the composition of many com- 
pounds related to agriculture, the chemistry of plants and of the earth’s 
crust, the formation, classification and composition of soils, soil surveys, 
soil analysis, crop requirements and sources of plant food. The farmer 
is advised to skip all this, and, after making some twenty paragraphs 
of highly condensed matter “a part of his ever ready knowledge,” to 
go at once to Part II., “Systems of Permanent Agriculture.” While 
assimilation of the twenty paragraphs without the illumination afforded 
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by well-directed reading and study bearing upon them may well be 
doubted, Part II. is of such a character that intelligent men can under- 
stand and use it with no serious difficulty. 

Doctor Hopkins erects his superstructure of argument and advice 
upon the fundamental fact that limestone, phosphorus and organic matter 
are the only constituents that must be supplied to most of the normal 
soils of the United States in order to maintain their fertility indefinitely. 
The limestone to prevent acidity, the phosphorus for its plant-food value 
and the organic matter as a source of nitrogen and as a means of ren- 
dering mineral constituents of the soil available. He combats in un- 
compromising fashion the attitude of those who seek to estabish the view 
that all soils possess all of the mineral constituents in sufficient quantity 
for permanent agriculture. While toxic substances of various kinds 
undoubtedly have an important bearing upon the productivity of soils, 
as long as the law of conservation of matter obtains it will be necessary 
to give attention to the protection and restoration of the essential mineral 
constituents of plants occurring in minimum quantities in soils. 

About one third of the book is occupied by Part III., which presents 
the results of soil investigations by culture experiments. In this the 
observations at Rothamsted and at the experiment stations of Pennsyl- 
vania, Ohio, Illinois, Minnesota, the Southern States and Canada re- 
ceive ample attention and largely by direct quotation from their publi- 
cations. 

Part IV. includes thirteen chapters on “ Various Fertility Factors.” 
These are in a measure independent of each other, each contributing to 
the general view. An appendix contains tables and other material 
designed for reference. 

The book as a whole represents an enormous amount of labor and is 
easily the most compendious presentation of the data of soil fertility 
that we have. It is written with the vision of a prophet and seer, con- 
sidering the distant future as well as the present, the effects of geologic 
processes in amassing our heritage in the soil, and the dire results that 
follow the careless or ignorant exploitations of man. It should be in 
the library of every student of agriculture or economics. 


J. T. Wrvarp. 


Outlines of Geologic History with Especial Reference to North America. 
By BaiLey W1tis and Rotttin D. Sattspury. University of Chicago 
Press. $1.50 net, $1.66 postpaid. 


This is a valuable republication under the editorship of Professor 
Salisbury of a series of notable papers presented by seventeen different 
geologists at the Baltimore meeting of Section E of the American Asso- 
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ciation for the Advancement of Science in December, 1908, and consti- 
tuting a symposium on geologic correlation. The plan, which this vol- 
ume shows to have been successfully carried out, was conceived by Mr. 
Willis who also contributed largely to its realization. The reviewer 
regrets that the restricted scope of a journal devoted to economic geol- 
ogy necessarily prescribes briefer notice than is really merited by a 
work so wide in geologic range. 

F, L. RANSOME. 


Geologische Charakterbilder. Edited by Dr. H. Srite. No. 1, Eis- 
berge and Inlandeis in der Antarktis. By E. Puitiprr. Berlin, 1g1o. 
3 M. 60 Pig. 

This is the first of a series of reproductions of excellent photographs 
illustrating characteristic geologic agencies and their results. In the 
present number are six views depicting the forms assumed by icebergs 
and land ice in the Antarctic, each being accompanied by a page of 
descriptive text. 

F, L. RANSOME. 


ERRATUM. 


Figure 59, accompanying Mr. Clapp’s paper on “A Proposed 
Classification of Petroleum and Natural Gas Fields” was placed 
upside down. In order to clearly understand the meaning of this 
cut, it should be turned over. ; 








INDEX TO VOLUME V. 


[Note.—In this index the titles of principal papers and the headings of 
departments, as Discussion, are in italics.] 


Act to crez ue a Department of Mines, 
in Canada, 644 

Adams ey 3arlow, on the occur- 
rence 4 Lbs oaaghe 148 

Adams, F The iron formation of 
the lth Range, 729 

Adirondack graphite deposits, Origin 
of certain (Bastin), 134 

Agriculture, permanent, 791 

Alaskite, 303 

Alexo nickel’ deposit, The (Cole- 
man), 373 

Algonkian basin, An, in Hudson Bay 
—a comparison with the Lake 
Superior basin (Leith), 227 

Algonkian rocks, Hudson Bay, 232 

Allan, J. A., Recent literature on 
economic geology, 81 

Allegheny formation, 378 

Allen, E. T., discussion by, 390; on 
marcasite, 211 

Allen, R. C., review of paper by, 
394, 499 

Altenberg ore deposits, 170 

Altenberg-Zinnwald tin district, 167 

Alteration, at Goldfield, 446, 462; of 
ore deposits, 124; deepseated, 129; 
of dacite, 464; of Keweenawan 
rock, 474; fluorspar deposits, 385 

Alteration, Superficial, of the Butte 
veins (Sales), 15 

Altland mine, 608 

Alunitization, 463 

Ammonia, production of, 47 

Amygdaloids, The copper-bearing, of 
the White River region, Alaska 
(Knopf), 2 

Andesite, 323 

Andesite tuff, 668 

Andrews, E. B., on anticlinal theory 
of oil accumulation, 503 

Anhydrite, 522, 524 

Anhydrite as a gangue 
(Lindgren), 522 

Animikie iron formation, 237 

Anthon, E., on precipitation of sul- 
phides, 5 

Anticlinal theory of oil and gas ac- 
cumulation, history of, 503 


mineral 


Antietam sandstone, 612 

Antimony, 5 

Apatite, 137, 710, 720 

Apex law, 768 

Aplite, 543 

Aragonite, 486 

Archean protaxis of Canada, 230 

Arkose deposition, 238 

Arnold and Anderson, on California 
oil fields, 512 

Arnold*and Johnson, on oil fields of 
California, 516 

Arrested anticlines, 514 

Arsenic, 6 

Arsenopyrite, 159, 721, 722 

Aschan, O., on organic acids, 535 

Ashley, G, H., on clay seams, 179 

Aspects, Some commercial, of peat 
as a source of chemical products 
(Davis), 36 

Asphaltic deposits, oil and gas in, 
517 

Assay, 24 

Assay Office, Dominion of Canada, 
648 

Augite, 544, 704, 7II 

Austin, L. S., review of book by, 79 

Azurite, 224 


Backstom, on pneumatolytic-sedimen- 
tary origin of iron ores, 716; on 
the origin of nodules, 715 

Bain, H. F., discussion by, 785; on 
clay seams, 179; on silicofluorides, 


354 

Ballarat ore deposits, 120 

Bard, D. C., discussion by, 50 

Barite, 23 

Barrell, J., on silication of lime- 
stones, 188 

Barrois, C., on geology of Pyrenees, 
361 

Barytes, 724 

Basin structure, in Ozark region, 


Basins of the Moose, Missinaibi and 
Abitibi Rivers, 226 

Bastin, E. S., Origin of certain Adi- 
rondack graphite deposits, 134; on 


794 





a oe 





EE i a ~ 
—— 





Bunce! 
Burel 

vie’ 
Butte 
Butte 
Butte 


By-pr 
Cadm 









) 
ornia 


Is of 


35 


2) 
peat 
ducts 


is in, 
nada, 
by, 79 


imen- 
; on 


53 on 
yrides, 


lime- 


renees, 


region, 
bi and 


n Adi- 
34; on 

























chemical composition as a criterion 
in identifying metamorphic sedi- 
ments, 134; on pyrrhotite, 375; re- 
view by, 78 
Bauer, M., on anhydrite, 525 
Bayley, W. S., reviews by, 69, 305, 


570 

Beartooth fault, 555, 652 

Beck-Weed, on copper, 221 

Bell, J. M., Moose River basin, 229; 
on iron carbonate, 231; on pre- 
Cambrian sediments, 232 

Bell, R., east coast of Hudson Bay, 
229; on Moose River basin, 227; 
on Nastapoka group, 244 

Bell mine, Dillsburg, Pa., 

Bendigo ore deposits, 109 

Bergeat, A., on ore deposits, 430 

Bibliography, Adirondack graphite 
deposits, 155; Cananea copper de- 
posits, 356; Diamond fields of 
South Africa, 64; Huelva ore de- 
posits, 435; James Bay region, 22 

Birdie tungsten mine, 163 

Birdville formation, 378 

Bismuth, 5, 170 

Blake, W. P., on ore deposits, 120 

Boehmer, M., on Leadville ores, 410 

Bog iron deposits in the district of 
Thunder Bay, Ontario, The occur- 
= and origin of some (Moore), 
52 

Bonanzas, 98 

Bornite, 480, 682 

Boutwell, J. M., on ore deposits, 120 

Bowen, N: tp on calcite, 547 

Brande, on distillation of peat, 37 

Breccia, 382 

Bremen mine ore shoots, 117 

Bridger Range, structure of, 657 

British ores, The paragenesis of 
(Finlayson), 719 

Brooks, A. H., on copper in Alaska, 
248 

Buckley, E. R., review of report by, 
71; discussion by, 192 

Buehler, H. A., and Gottschalk, V. 
H., Oxidation of sulphides, 28; on 
oxidation, 480 

Bunches, 98 

Burchard, E. F., and Butts, C, re- 
view of report by, 197 

Butte City mines, 109 

Butte copper veins, outcrops of, 15 

Butte veins, Superficial alterations 
of (Sales), 15 

By-products from peat, 43 


Cadmium, 5 


INDEX TO VOLUME VP. 


Cactus mine, 522 

Calcareous sandstone, 748 

Calcite, 382, 546, 621, 723 

Calcite gangues, influence on enrich- 
ment, 590 

Calkins, F. C., on the occurrence of 
scapolite, 148; rock determined by, 
744 

Calvert, W. R., fossils collected by, 
761; Stratigraphic relations of the 
Livingston formation of Montana, 
551, 652, 741 

Cambrian, Goldfield, Nev., 303 

yoeiriae and Robinson, on ferrous 
carbonate, 529 

Campbell, M. R., on joints in coal, 
185 

Campbell, W., review by, 79 

Canada, The Department of Mines 
of, its organization and work 

(Wilson), 640 

Goaat thence Institute, 642 

Cananea granite, 319 

Cananea mining district of Sonora, 
Mexico (Emmons), 312 

Cananea-Duluth mire, 348 

Capote Basin ores, 341 

Capote quartzite, 319 

Carboniferous, Huelva, Spain, 360; 
White River region, Alaska, 247 

Cardium, 656 

Casin, E. M. F., on ore deposits, 120 

Cassiterite, 173, 720 

Causes of ore shoots, Some (Pen- 
rose), 97 

Ceratops beds, 746 

Chalcocite, 209, 210, 224, 480, 681, 726 

Chalcopyrite, 9, 13, 489, 525, 722, 723 

ee. R., on concretionary iron 
ore, 5 

Chace, T. C., on ore deposits, 
120; discussion by, 782 

Chemical analyses—andesite, 309; an- 
hydrite, 524; augite, 546; augite- 
scapolite-graphite rock, .147; dacite, 
309; dacite vitrophyre, 309; dole- 
rite, 3090; graphitic schist, 139; iron 
concretion, 532; iron ore, 546; 
latite, 300; limonite, 530; porphyry, 
fresh and altered, 407; tufa, 24; 
water, 533; from mines of Joplin 
district, 34; from Ojo Caliente, 26 

Chemical criteria of enrichment, 215 

Chemicals, made from peat, 37 

Chester stage, 378 

Chimneys, 98 

China clays, 680 

Chispa andesite, 304 

Chlorite, 621 











796 INDEX TO VOLUME VP. 


Pe iron ore deposits, Quebec, 

27 

Chromite deposits, 270 

Cirkel, F., review of papers by, 68, 
278 

Claggett formation, 757 

Clapp, F. G., A proposed classifica- 
tion of petroleum and natural gas 
fields based on structure, 503 

Clarke, F. W., on native copper, 472 

Classification, of oil and gas accumu- 
lations, 510 

Classification of petroleum and nat- 
ural gas fields based on structure, 
A proposed (Clapp), 503 

Clay seams or so-called horsebacks 
near Springfield, Illinois (Sav- 
age), 17 

Cleavage, 741; Huelva district, Spain, 
370 

Clinton sand, 506 

Coal fields of “Holland, 301 

Coal measures ‘of Livingston section, 
age of, 758 

Coal strata, Springfield, Ill., 181; sec- 
tion (figure), 182 

Cobalt, 5 

Cobaltite, 723 

Coeur d’Alene mines, 100 

Coke, from peat, 38, 41 

Coleman, A. P., The Alexo nickel 
deposit, 373 

Collins, J. H., on origin of Huelva 
ores, 430; on rocks of Spain, 363 

Collins, W. H., The quartz diabases 
of Nipissing ‘district, Ontario, 538 

Columbia formation, 377 

Commercial aspects of peat as a 
source of chemical products, Some 
(Davis), 36 

Compatibility, principle of, 481 

Comstock lode, 109; section of, 126 

Concretionary: iron ore, 530 

Concretions, 224, 529 

Conglomerate, 735 

Conjurer’s House, 231 

Connor, M. F., analyses, augite, 546; 
iron ore, 546 

re of mineral resources, 
765 

Contact deposits of ore, 122 

Contact-metamorphic deposits, Can- 
anea, 335 

Contact metamorphism, of graphite, 
143 

Continental fault, 15 

Controller Bay coal claims, 765 

Convergence map, 506 

Convergence of formations, 506 


Copper, 5; in amygdaloids, 252; in 
Keweenawan lava, 474; of Cananea 
district, 312; of Huelva district, 
Spain, 412; of White River region, 
ee 249; replacing fossil wood, 


Copper- bearing amygdaloids of the 
White we region, Alaska, The 
(Knopf), 24 

Copper ee asti, Keweenawan 
(Grout), 471 

Copper in the “ Red Beds” of Okla- 
homa (Tarr), 221 

Copper ores, experiments on, 30; ox!- 
dation of, 31; at Butte, 682 

Copper sulphide, precipitation of, 2 

Copper veins, in Great Britain, 720 

Corbicula, 656 

Cornu, F, on copper in the Faroe 
Islands, 254 

Cornwall, England, ore deposits, 123 

Correlation, Nastapoka and Rich- 
mond*groups, 243 

Country rock, influence on ore de- 
posits, 453 

Courtney, C. F., on Esperanza ‘lode, 


409 

Covellite, 4, 20, 2009 

Cox mine, 611 

Crane, W. R., on clay seams, 178 

Crazy Mountains district, 661 

Creeks in marshes, 624 

Cretaceous conglomerates, 735 

Cretaceous succession, in Musselshell 
Valley, 663 

Criteria of Goauaien sulphide en- 
richment (Ransome)), 205; dis- 
cussion, 387, 477, 558, 67 8 

Cross, W., on Denver Basin, 554 

Crown Point graphite mine, 143 

Cuitaca granodiorite, 328 

Cunningham coal claims, 765 

Cuyuna Range, The iron formation 
of (Adams), 729 

Cypress sandstone, 378 


Dacite, 305; alteration of, 464; dia- 
gram of, 464 

Dana, E. S., on color in quartz, 161 

Datolite, 471 

Daubree, A., on the action of super- 
heated water, 256 

Davis, C. A., Some commercial as- 
pects of peat as a source of chem- 
ical products, 36; Salt marsh for- 
mation near Boston and its geo- 
logical significance, 623 

Davis, S. H., on volcanic mud, 241 

Deformation, by flow and fracture, 























wit 


mil! 
mit 
phi 
ing 
phy 
Diffe: 
tior 
Dikes 


V2 


ern 
Dillsb 
van 
mac 


Discu. 
A 





lea 
ict, 
on, 
od, 


the 
The 


van 
la- 


)XI- 


bd 


Toe 


123 
ich- 


ode, 


shell 


en- 
dis- 


tion 


dia- 
‘61 

iper- 
|] as- 
hem- 
for- 
geo- 


241 
ture, 














INDEX TO 


739; by pressure, 742; of upper 
Huronian series, 736 

De Launay, L., on Huelva ore de- 
posits, 406, 430; on ore deposits, 
462, 466; on rocks of Spain, 363 ; 
on pneumatolytic- sedimentary ori- 
gin of iron ores, 716 

Delessite, 473 

Delgado, J. F. N., on geology of 
Portugal, 361 

Department of Mines of Canada, its 
organization and its work (Wil- 
son), 640 

Deposition, of Huelva ores, 414 

Deposits, The Erzgebirge tin (Sin- 
gewald), 166 

Deposits, Origin of certain Adiron- 
dack graphites (Bastin), 134 

Depth, of fluorspar deposits, western 
Kentucky, 383; of Goldfield ores, 
460; of lodes of Huelva, Spain, 
405 

Derrick mine, 607 

Descriptive method, of geologic 
study, 675 

Devonian, ~ Canada, 231; Huelva, 
Spain, 361 

Diabase, 322, 530, 602, 736; classi- 
fied, 473 

Diabase magma, differentiation of, 


545 
Diabase, The quartz, of Nipissing 
district, Ontario (Collins), 538 
Diagrams, alteration of dacite, 464; 
assay values of Sotiel ore shoot, 
26; differentiation of diabase 
magma, 545; gas pool coincident 
with structural terrace, 515; graph- 
ite vein, 149; ionization of silver- 
copper, 7; ore shoot, at Bassick 
mine, Colo., 105; at Moanataeri 
mine, III; precipitation of sul- 
phides, 3, 4, 10; stereogram show- 
ing ore shoot, 103; syenite-por- 
phyry section, >06 
Differential pressure in ore deposi- 
tion, 564 
Dikes, Dillsburg district, Pa., 613; 
Erzgebirge, 168; Huelva, ‘Spain, 
368; Nipissing district, 538; west- 
ern Kentucky, 379; ‘Lapland, 707 
Dillsburg, York County, Pennsyl- 
vania, Structure and origin of the 
magnetite deposits near (Harder), 
599 
Discussion— 
Absence of secondary copper- 
sulphide enrichment in calcite 
gangues (Bard), 50 
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Bibliography of diamond fields 
oe South Africa (Thomson), 


4 
Controlling factors of ore locali- 
zation in the Ozark region 
(Keyes), 683 
Criteria of Soucieaa sulphide 
enrichment (Allen), 387; 
(Louis), 390; (Emmons), 477; 
(Wells), 479; (Foote), 484; 
(Winchell), 488; (Keyes), 
558; (Gregory), 678; (Sales), 
681 
Disseminated lead deposits of 
Missouri (Buckley), 192; 
(Ransome), 491 
Marking oil maps (Johnson), 
273 , 
On the development of the anti- 
clinal theory (Hofer), 492 
Origin of petroleum (Hoefer), 
564; (Zuber), 104 
Special problems and their study 
in economic geology (Lind- 
gren), 772, (Jaggar), 776, 
(Spilsbury), 780, (Stevenson), 
781, (Chamberlin), 782, 
(Bain), 783 
Theories of oil and gas accu- 
mulation (Johnson), 63 
Vulcanism and differential pres- 
sure in ore deposition (Hix- 
on), 564 
Dissociation pressures of cupric sul- 
phide, 485 
Distichlis spicata, 634 
Distillation of peat, 37 
Dixon mine, graphite, 136 
Dolcoath mine, England, 123 
Dome structure, 516 
Dominion Government Assay Office, 
648 
Tiomebees, E., on Fish Creek beds, 
662 
Downward sulphide enrichment, Cri- 
teria of (Ransome), 205 
Drag folding, 737 
Dynamic metamorphism of graphite, 
135 


Eagle sandstone, 660, 758 
Economic geology, Recent literature 
on (Loughlin et al.), 81, 283, 575 
Editorial— 
Conservation of mineral jre- 
sources (Kemp), 765 
Special problems and their study 
in economic geology (Irving), 
670 
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Eel grass, 625 

Eibenstock granite massive, 265 

Eldridge, G. H., on California oil 
fields, 512; on Denver Basin, 554 

Elenita syenite porphyry, 324 

Elisa mine, 337 

Elisa a monzonite-porphyry, 329 

Ells, W., review of paper by, 67 

El ieee syenite, 324 

Emmons, S. F. Cananea mining dis- 
trict of Sonora, Mexico, 312; on 
the Cactus copper mine, 522: on 
chalcocite, 210; on ore shoot in 
Custer County, Colo., 104; on sec- 
ondary enrichment of ore deposits, 


12 

Emmons, W. H., on minerals of ore 
deposits, 209 

Enargite, 20, 488, 681 

Enrichment, copper sulphide, 59; of 
ore deposits, 128 

Enrichment, downward sulphide, Cri- 
teria of (Ransome), 205 

Epidote, 621 

Erzgebirge tin deposits (Singewald), 
166, 265 

Esperanza ore shoot, 346 

Espina breccia, 304, 307 

Etheridge, E., on Devonian rocks of 
Spain, 361 

Ethyl alcohol from heat, 56 

Eureka, Utah, ore deposits (figure), 
118 

Experiments, on oxidation of sul- 
phides, 29 

Explosives, 649 


Famatinite, 453 

Fault veins, at Butte, 17 

Faulting, Cananea district, 331 ; Gold- 
field district, 300, 452; Huelva dis- 
trict, Spain, 371; Mt. Roudny dis- 
trict, 259; Ozark region, 683; 
western Kentucky, 379 

Feldspar, 621, 711 

Fenneman, N. M., on Florence oil 
field, 514; on oil fields in Texas, 


51 

Field work, Canada, 650 

Figure of, dike showing magnetite 
and apatite, 712; drag fold, 739; 
magnetite dikes, Tuolluvaara, 714; 
magnetite-syenite-porphyry, 708 

Finlayson, A. M., The pyritic de- 
posits of Huelva, Spain, 357, 403; 
The paragenesis of British ores, 


719 
Fircks, W. v., on ore deposits, 122 
Fish Creek beds, 662 


Fissures, Cananea, 321; clay-filled, 
179; Erzgebirge, 166; influence on 
ore shoots, 107; Mt. Roudny dis- 
trict, Bohemia, 260 

Flett, J. S., on mineralization of ores, 
720 

Flexing, of strata, 684 

Florence oil field, 514 

Flotze, 173 

Fluorite, 23 

Fluorspar, 382, 720, 724 

Fluorspar, lead and zinc deposits of 
western Kentucky, The (Fohs.), 377 

Fohs, F. J., The fluorspar, lead and 
zinc deposits of western Kentucky, 
377 

Folding, Huelva district, Spain, 360; 
Cuyuna Range, 736 

Folds, relation of major and minor, 


730 

Foote, H. W., discussion by, 484 

Formation of ‘bog i iron, 534 

Fort Union formation, 662 

Fossil plants, 557, 742, 748, 755 

Fossils, from Bridger Range, 650; 
from Colorado group, 653; from 
Livingston formation, 665; from 
Trail Creek, 654; from Spain, 361; 
from above Eagle sandstone, 742; 
from Bearpaw shale, 743; from 
Lance formation, 749; from Sum- 
mit, Mont., 741 

Fraas, E., on Devonian rocks of 
Spain, 361 

Fractional precipitation of sulphides, 
The (Wells), 1 

Fractionation, 483 

Fracture system, Cananea, 331 

Frank and Caro process, 49 

Frazer, P., on iron mines in Penn- 
sylvania, 602 

Frazer, P., and Brown, A. P., re- 
view of book by, 570 

Fredonia limestone, 378 

Freeman, J. R., on subsidence, 637 

Fusus, 656 


Gabbro-diabase, 330 

Gagel and Stremme, on salts in solu- 
tion, 215 

Gale, H. S., on oil im the Florence 
field, 518 

Galena, 4, 724; oxidation of, 30 

Gangue and ore, relative amount of, 


Gangue mineral, Anhydrite as a 
(Lindgren), 522 

Garnet, 620, 622 

Gas, from peat, 38, 41 
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Gaseous emanations, influence on ore 
shoots, 104 

Gas-producer using peat, 45; con- 
struction of, 47 

Geanticlinal folds, 515 

Geijer, Per, Igneous rocks and iron 
ores of Kiirunavaara, Luossavaara 
and Tuolluvaara, 699 

Genesis, Erzgebirge tin deposits, 271; 
fluorspar deposits, 383; Goldfield 
ores, 465; Huelva ore bodies, 430 
(see also Origin) 

Geographic method, of studying ore 
deposits, 671 

Geologic history, Cananea district, 
317; Goldfield district, 303; Huelva 
district, Spain, 371; Hudson Bay, 
east coast, 238 

Geologic maps—Altenburg-Zinnwald 
region, 176; Dillsburg irom ore 
fields, 601; Geyer and Ehrenfrie- 
dersdorf region, 266; Goldfield 
district, Nev., 301; Kiruna district, 
Lapland, 703; Livingston region, 
554; Rio Tinto district, Spain, 337, 
422 

Geologic section, Dillsburg magnetite 
area, 601; fluorspar region of Ken- 
tucky, 377; Livingston region, 555 

Geological reports, valuation of, 672 

Geological significance, Salt marsh 
formation near Boston and its 
(Davis), 623 

Geological succession, Cuyuna Range, 
732 

Geological Survey of Canada, 640, 
645, 646, 649 

Geologische Charakterbilder, 793 

Geology of, Cuyuna district, Minn., 
730; Dillsburg district, Pa., 600; 
Erzgebirge, 166; Goldfield district, 
301; Huelva, Spain, 360; Kiruna 
district, Lapland, 609; New Bruns- 
wick, 67; Nipissing district, 538; 
Oklahoma, Payne County, 222; 
Spain, southern, 358; White River 
region, Alaska, 247 

Geology and ore deposits of the 
Goldfield district, Nevada (Ran- 
some), 301, 438 

Geyer tin deposits, 267 

Gidley, J. W., fossils identified by, 
499 . 

Glacial deposits, Hudson Bay, 232 

Glacial drift, Cuyuna Range, 735 

Gnade Gottes mine, 174 

Gneiss, 2: 

Gold deposit, The Mt. Roudny 

(Singewald), 257 
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Goldfield Consolidated Mines Com- 
pany, 439 

Goldfield district, Nevada, Geology 
and ore deposits of the (Ran- 
some), 301, 438 

Goldfield type of ore deposits, 469 

Goldfieldite, 453 

Gonzalo y Tarin, J., on origin of 
Huelva ores, 430; on Silurian rocks 
of Spain, 360, 361, 363 

Gossan, of Huelva ores, 409 

Gould, C. N., on geology of Okla- 
mee on upper Paleozoic 
tormations, 222 

Granite, 20, 144, 168, 250, 362; altered, 
15 

Granadicrn. 328 

Graphite, mode of occurrence at Ti- 
oe 149; production in the 

sorte J 

Graphite deposit Origin of certain 
Adirondack (Bastin), 134 

Graphitic schist, 139; microphoto- 
graphs of, 150, 151, 154 

Graton, L. C., on chalcocite, 209; on 
gypsum, 525 

Graupen ore deposits, 175 

Graywacke, 733 

Greenalite, 237 

Greenstone, 700 

Gregory, H. E,, et al. review of 
book by, 569 

Gregory, J. W., discussion by, 679; 
on the origin of Huelva ores, 430 

Greisen, 174 

Gresley, W. S., on clay seams, 180 

Griffin, P. H., on bog ore, 533 

Grimsley, G. P., review of report by, 
7 

Griswold and Munn, on terrace struc- 
tures, 514 

Grout, F. F., Keweenawan copper 
deposits, 471; on oxidation of py- 
rite, 28 

Grove mine; 611 

Growth factors, of plants, 628 

Gypsum, 231, 489, 522, 524 


Halotrichite, 457 
Halymenites major, 747 
Hancock, E. T., review of book by, 


395 
Harder, E. C., Structure and origin 
of the magnetite deposits near 
Dillsburg, York County, Pennsyl- 
vania, 590; review by, 278 
Harker, A., review of book by, 73 
Harpers schist, 612 
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Harris, G. D., on oil fields in Louis- 
iana, 516 

Hatcher, J. B., and Stanton, T. W., 
on Judith River beds, 662 

Hauki complex, 701 

Haworth and Bennett, on copper in 
“Red Beds,” 226 

Hayden, F. V., on the Livingston 
formation, 552 

Hayes, C. W., discussion by, 61 

Hayes and Kennedy, on oil fields in 
Texas, 516 

Hematite, 409 

Henderson, A., agricultural resources 
of Mattagami, 22 

Henrietta diorite-porphyry, 325 

Hess, F. L., review by, 394 

High tides, 630 

Hillebrand, W. F., analysis of water 
by, 26 

Hixon, H. W., discussion by, 564 

Hoering and Mjoen process, 56 

H6fer, H., discussions by, 492, 564; 
on anticlinal theory of oil accu- 
mulation, 503 

Hégbom on magmatic origin of iron 
ores, 710 

Holden, R. J., review by, 689 

Hopkins, C. G., review of work by, 
‘791 

Horsebacks near Springfield, Illinois, 
clay seams or so-called (Savage), 


178 

Hot springs at Ojo Caliente and 
their deposits, The (Lindgren), 22 

Huacalote rhyolite, 322 

Hiibnerite, 163 

Hudson Bay depression, 231 

Huelva, Spain, The pyritic deposits 
of (Finlayson), 357, 403 

Hunt, T. S., on anticlinal theory of 
oil accumulation, 503, on bog iron 
ore, 535 

Huronian, upper, 734 


Iddings, J. P., review of book by, 73 

Iddings and Weed, on the rocks of 
Park County, Mont., 159 

Igneous contact deposits, Cananea, 
347 

Igneous metamorphism, of granite, 
143 

Igneous origin of iron ores, 717 

Igneous rocks, 73; influence on ore 
shoots, 121; of Lapland, mode of 
eruption, 716 

Igneous rocks and iron ores of Kiir- 
unavaara, Luossavaara and Tuollu- 
vaara (Geijer), 699 


Inter-fingering, Livingston formation, 


752 

Intersecting fissures, influence on ore 
shoots, I10 

Intrusive rocks, Nipissing district, 


53 

Intrusives, Cuyuna Range, 736; Dills- 
burg district, Pa. 614 

Ireland and Sugden process, 56 

Iron, 5 

Iron deposits, Thunder Bay district, 
528; Woman River area, 499 

Iron deposits in the district of Thun- 
der Bay, Ontario, The occurrence 
and origin of some bog (Moore), 
2 


Iron formation, Nastapoka Islands, 
237; genetic relations, 241 

Iron formation of the Cuyuna Range 
(Adams), 729 

Iron ore deposits, chrome, Quebec, 
278 

Iron ores, Alabama, 197; Dillsburg, 
Pa., 599; Lapland, 699; Nova Sco- 
tia, 66; Quebec, 68; Sweden, 494; 
Utah, 188; West Virginia, 70 

Iron ores of Kiirunavaara, Luossa- 
vaara and Tuolluvaara, Igneous 
rocks and (Geijer), 699 

Iron resources of the world, 689 

Irving, J. D., editorial by, 670; on 
ore shoots, 99 

Irving, R. D., on ore deposits, 121 

Isochore lines, 506 


Jaggar, T. A., Jr., discussion by, 776 

Jardine tungsten mine, 158 

Jarosite, 457 

Jauss mine, 609 

Jenney, W. P., on ore deposits, 120 

Johnson, R. H., discussion by, 63; 
review by, 571 

Joint cracks, oil in, 518 

Jones, C. H., on copper in Spanish 
pyrite, 420 

Judith River fossils, 742 

Julien, A. A., on bog iron ore, 520, 
534 


Kallerudose, 715 

Kaolin, 209, 487 

Kaolinite, 212, 679 

Kaolinization, 478 

Keewatin series, 230 

Kemp, J. F., on copper deposits, 472; 
on enrichment of ore deposits, 128; 
editorial by, 765 

Kemp and Newland, on a graphite 
mine, 136 
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Kendall tuff, 304, 305 

Kentucky, The fluorspar, lead and 
sinc deposits of western (Fohs), 
377 

Kerr, H. L., Mattagami Valley, 229 

Keweenawan, 732, 734 

Keweenawan copper deposits 
(Grout), 471 

Keweenawan outcrops, 473 

Keyes, C. R., discussions by, 558, 
683; on clay seams, 179 

Kiirunavaara, Luossavaara, and Tuol- 
luvaara, Igneous rocks and iron 
ores of (Geijer), 699 

Kiirunay aara iron ore body, 709 

King mine, 611 

Kirk, C. 7. on upper Paleozoic for- 
mations, 222 

Kiruna district, Lapland, 699; forma- 
tions of, 700 

Kirunose, 715 

Klockmann, F., on rocks of Spain, 
363; on lodes of Huelva, Spain, 
406; on origin of Huelva ores, 430 

Knopf, A., The copper-bearing amyg- 
daloids of the White River region, 
Alaska, 247; review by, 196 

Knowlton, % H., identification of 
plants by 557, 755, 761; on Judith 
River flora, 667; on Judith River 
beds, 666; remarks on fossil plants, 
741, 748 

Knox, H. H., on pyrites deposits, 410 

Krusch, P., on Mt. Roudny mineral- 
ization, 262 

Kurravaara conglomerate, 700 


Lafayette formation, 377 

Lake Superior basin, An Algonkian 
basin in Hudson Bay—a compari- 
son with the (Leith), 227 

Lake Superior copper ores, 121 

Lake Superior region, pre-Cambrian 
conditions in, 245 

Lance formation, 746 

Lane, A. C., on clay seams, 180 

Laney, F. B., on chalcocite, 210 

Lapland, iron ores of, 699 

Laramie, 552, 653, 661, 746; of Liv- 
ingston section, 758 

Lateral-secretion, 563 

Latite, 303 

Laumontite, 471 


- Laurentian series, 230 


Lava flows, 238 

Lead, 5 

Lead and sinc deposits of western 
Kentucky, The fluorspar, (Fohs), 


377 
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Lead deposits, Missouri, 71, 192 

Lead Hill graphite mine, 145 

Lead ores of Joplin district, 33 

Lead sulphide, precipitation of, 2 

Lead-zinc veins, in Great Britain, 719 

Lebo andesitic member, 746, 753; cor- 
relation and age, 756 

Le Chatelier, on inversion, 490 

Ledge, 442 

Leier mine, 269 

Leith, C. K., An Algonkian basin in 
Hudson Bay—a comparison with 
the Lake Superior basin, 227; dis- 
cussion by, 188; reviews by, 66, 67, 
68, 197 

Lennep formation plants, 748 

Lennep sandstone, 747 

Lewis, J. V., on the origin of New 
Jersey copper deposits, 254 

Limestone, 733; influence on ore de- 
position, 116; silication of, 188 

Limonite, 529, 530, 622 

— ann, E., review of report by, 


1 a W., Anhydrite as a gangue 
mineral, 522; The hot springs at 
Ojo Caliente and their deposits, 22; 
review by, 494; on chalcopyrite, 9; 
on copper deposits, 255; on kaolin, 
212; on the Livingston formation, 
552; on minerals ‘of ore deposits, 
209; discussion by, 772 

Lindgren, W., and Graton, L. C., on 
chalcocite, 210 

Liparose, 715 

Literature on economic geology, Re- 
cent ae Recent literature, etc.) 

Lithium, 173 

Livingston area, 762 

Livingston flora, 749 

Livingston formation, 653, 662 

Livingston formation of Montana, 
Stratigraphic relations of the 
(Stone and Calvert), 551, 652, 741 

Lloyd, S. J., analyses of water by, 


532 

Lane limestone, 378 

Lodes, Huelva district, Spain, 404 

Loew, O., analyses by, 25 

Léfstrand, on magmatic origin of 
iron ores, 716 

Logan mine, 611 

Longnecker mine, 607 

Loughlin, G. F., ‘et al., Recent liter- 
ature on economic geology, 81, 283, 
575 

Louis, H., discussion by, 3 

Low, A. P., on James Bay and Lab- 
rador, 229; on Nastapoka group, 
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244, 245; on pre-Cambrian sedi- 
ments, 232 

Lundbohm, H., on the geology of the 
Kiruna district, 699 

Lundbohm, H., and Backstrém, on 
rock analyses, 702 


McClure mine, 611 

McCormick mine, 603 

McMillan, J. a Explorations in 
Abitibi, 229 

Magmatic segregation, influence on 
ore shoots, IOI 

Magmatic theory, of origin of iron 
ores, 717 

Magnetic belts, 738 

Magnetite, 544, 619, 620, 720 

Magnetite deposits near Dillsburg, 
York County, Pennsylvania, Struc- 
ture and origin of the (Harder), 
599 

Magnetite-syenite-porphyry, 708; sec- 
tion of, 708 

Malachite, 223 

Malfatti, H., on sulphides of iron. 9 

Mallada, L., fossils described I Bole 
on Devonian rocks in fd 361 

Malpais basalt, 304, 307 

Mammals, 755 

Manganese, 5, 6 

Manganese- silver veins, 18 

Maps—Amity quadrangle, conver- 
gence map, 507; Cananea mining 
district, 312; Clinton sand, southern 
Ohio, 508; Cuyuna Iron Range, 
730; Goldfield district, Nev., 438; 
James Bay region, 228; Magnetite 
deposits, Pa. 600; oil pools, Pa., 
512 (see also Geologic maps) 

Marcasite, 29, 211 

Mariquita diabase, 322 

Meda rhyolite, 304, 306 

Melcher, A. C., on calcium sulphate, 
526 

Mercury, 5 

Mesa-tuff, 323 

Mesaverde formation, 758 

Mesozoic, Dillsburg, Pa., 509 

Metamorphism, 366; producing graph- 
ite, 143 

Metasomatism, at Goldfield, 462; ex- 
amples of, 726; in minerals, 719 

Meteoritic source of ores, 561 

Microphotographs, 364- 367; of gra- 
phitic schist, 150; pyrite replacing 
phyllite, 415-416; ores of Rio 
Tinto, 417-418; galena_ replacing 
fluorspar, 724; of secondary chal- 
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cocite, 728; of secondary native sil- 
ver, 727 
Migration, downward, 478 
Milling, at Mt. Roudny, 263 
Milltown andesite, 304, 305 
Mineral output, of Canada, 651 
Mineral resources, New Brunswick, 
67 


Mineralogic criteria of enrichment, 


209 

Mineralogy, of Dillsburg ores, 618 

Minerals, Cananea, 332; secondary, 
726 

Minerals, tungsten, ie? " waaamaian 
Notes on (Winchell), 

Mines, in Dillsburg Tiga Pa., 602; 
in Rio Tinto district, Spain, 21 

Mines Branch, Canada, 645, 648 

Mining, at Cananea, history of, 315; 
at Goldfield, Nev., 438; of graphite, 
137; of Zwitterstock, 171 

Mira basalt, 304, 306 

Mispickel, 159 

Mississippian series, 378 

Missouri lead districts, 685 

Moanataeri mine, New Zealand, ore 
deposit of, 111 

Molybdenite, 169 

Mond gas-producer, 47 

Montalto quartzite, 612 

Montana, Notes on tungsten minerals 
from (Winchell), 158 

Montana group, 653 

Moore, E. J., The occurrence and 
origin of some bog iron deposits 
in the district of Thunder Bay, 
Ontario, 528 

Morena rhyolite, 304, 305 

Moses, A. J., and Parsons, Ge L 
view of book by, 69 

Mt. Roudny gold deposit, The (Singe- 
wald), 257 

Miigge, O., on quartz, 213 

Munn, M. : discussion of paper by, 
92 

Miintz and Lainé process, 57 

Muscovite, 137 


Nastapoka group, 232-24: 

Natural gas, anticlinal theory of ac- 
cumulation, 492 

Natural gas gn based on structure, 
A proposed classification of petro- 
leum and (Clapp), 503 

Necks, 98 

Nests, 98 

Nickel, 5 

Nickel deposit, The Alexo (Cole- 
man), 373 
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Nipissing district, Ontario, The 
quartz diabases ‘of (Collins), 538 

Nitrates from peat, 56 

Nodules, origin of, 715 

Noetling, F., on Irawaddy oil fields, 
512 

Notes on tungsten minerals from 
Montana (Winchell), 158 


Occurrence and origin of some bog 
iron deposits in the district of 
Thunder Bay, Ontario (Moore), 


528 

Ogilvie, I. H., on Bear Pond Moun- 
tain schists, 142 

Ohara limestone, 37 

Ohio shale, 378 

Oil and gas accumulation, 63 

Oil maps, marking, 273 

Ojo Caliente, The hot springs at, and 
their deposits (Lindgren), 22 

Oklahoma, Copper in the “Red Beds” 
of (Tarr), 221 

Ontario mine ore bodies, 108 

Ore-bearing solutions, 102 

Ore bodies, relations to topography, 
207 

Ore deniaion: Cornwall, 720; Dills- 
burg, Pa., 616; Goldfield, Nev., 450 

Ore deposits, alteration of, 124; geol- 
ogy of, 78; of magmatic origin, 
101; of Cananea, 333; of Goldfield, 
Nev., 440; of Huelva, Spain, 403 

Ore deposits of the Goldfield district, 
Nevada, Geology and (Ransome), 
301, 438 

Ore-porphyry, 708 

Ore shoots, classification of, 99; defi- 
nition of, 98; in limestone, 117; 
produced by gaseous emanations, 
106; produced by ore-bearing solu- 
tions, 102; at Cripple Creek, Colo., 
104, 112; at Goldfield, 448; at Kal- 
goorlie, 104 

Ore shoots, Some causes of (Pen- 
rose), 97 

Organic matter, influence on ore 
shoots, II19 

Origin of, bog iron ore, 528; Cana- 
nea ore deposits, 333; clay seams, 
178, 184; copper, Alaska, 253; in 
“Red Beds,” 225; gold in the Rand 
banket, 567; iron formation, Nas- 
tapoka Islands, 241; iron ores, Ala- 
bama, 197; Dillsburg, Pa., 614; 
Lapland, 716; nodules, 715; ore 
shoots, 97; petroleum, 194, 564; 
salt marshes, 625 (see also 
Genesis) 


Origin of certain Adirondack graph- 
ite deposits (Bastin), 134 

Orton, E., on anticlinal theory of oil 
accumulation, 503; on clay seams, 
180; on terrace structure, 514 

Oversight ore shoot, 345 

Overturned folds, 516 

pee ing zone of, 207 
Oxidation of or sees (Buehler and 
Gottschalk), 

Oxidized ores, of Goldfield, character 
of, 457 

Ozark region, ore localization in, 683 


Paleozoic rocks, Hudson Bay, 231 
Palladium, 5 

Palmer, C., on goldfieldite, 453 

Paragenesis, 416; at Goldfield, 456 

Paragenesis of British ores (Finlay- 
son), 719 

Parks, W. A., on Devonian corals, 
231; on Nipissing-Algoma boun- 
dary, 227 

Pay shoots, Goldfield, 448 

Peat, amount in the United States, 
39; distribution of, 39; use of, 40 

Peat as a source of chemical prod- 
ucts, Sone commercial aspects of 
(Davis), 36 

Pegmatite, 146 

Pennsylvania series, 378 

Penrose, R. A. F., Jr., Some causes 
of ore shoots, 97; on superficial 
alteration of ore deposits, 128 

Petroleum, anticlinal theory of ac- 
cumulation, 492; origin of, 194, 564 

Petroleum and natural gas fields 
based on structure, A_ proposed 
classification of (Clapp), 503 

Petroleum mining, 571 

Petrology, Huelva district, Spain, 
362; quartz diabases of Nipissing 
district, 539 

Pharmacosiderite, 162 

Philippi, E., review of work by, 793 

Physical and commercial geography 
(Gregory et al.), Ransome, 569 

Pinges, 168 

Pipes, 98 

Plans—Bell mine, Dillsburg, Pa., 600; 
Combination mine, Goldfield, Nev., 
444; dacite mass, Goldfield, 302; 
January mine, 448; ledges at Gold- 
field, Nev., 441; Mohawk mine, 
452; Sotiel lodes, 425; Underwood 
and Longnecker mines, Pa., 606 

Plant growth, conditions of, 628 

Pleochroism, of hiibnerite, 165 

Pockets, 98 
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Polybasite, 209 

Porcellanite, 366 

Porphyry, 363, 407, 706 

Pottsville formation, 378 

Pozo formation, 304 

Pre-Cambrian, Canada, 230; Cana- 
nea, 317; Hudson Bay region, 238; 
Huelva, Spain, 360; Lake Superior 
region, 245 

Precipitation, a bog iron, 535; of 
iron oxide, 

Precipitation rs is ahetaters The frac- 
tional (Wells), 

Price mine, 611 

Producer-gas from peat, 41 

Production of the Goldfield district, 


440 

Prosser, C. S., on upper Paleozoic 
formations, 222 

Proustite, 211 - 

Pseudolaumontite, 471 

Pseudomorphous replacement, 214 

Pseudomorphs, after olivine in ore, 
374 

Puertecitos limestone, 320; orebody, 
336 

Pumpelly, R., on ore deposits, 121 

Purington, C. W., on ore deposits, 
121 

Pyrite, 18, 29, 524, 621, 722; oxida- 
tion of, 30; rate of, 32 

Pyrites, in coal beds, 638 

Pyritic deposits of Huelva, Spain, 
The (Finlayson), 357, 403 

Pyroxene, 620 

Pyroxene andesite tuff, 744 

Pyrrhotite, 722 

Pyrrhotite-serpentine rock, 375 


Quaquaversal structure, 516 

Quartz, 161, 213, 455, 486, 523, 548, 
622, 723, 734; color of, 161; criteria 
for ‘distinguishing, 153; forms of, 
152 

Quarts diabases of ge ge district, 
Ontario, The (Collins), 538 

Quartz vein, at Jardine, Mont., 161; 
figure of, 164 

Quartz-biotite rock (figure), 160, 162 

Quartz-porphyry, 365, 707 

Quartzite, 734 


Rabbit Spring formation, 304, 307 

Ransome, F. L., Criteria of down- 
ward ‘sulphide enrichment, 205; 
Geology and ore deposits ‘of the 
Goldfield district, Nevada, 301, 438; 
discussion by, 491; reviews by, 71, 
73, 281, 560, 702, 703; on enrich- 
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ment of ore deposits, 130; on kao- 
linite, 213 

Ransome and Calkins, on Coeur d’- 
Alene ore deposits, 119 

Recent literature on economic geol- 
ogy (Loughlin et al.), 81, 283, 575 

“Red Beds” of Oklahoma, Copper 
in the (Tarr), 221 

Red Lodge-Nye district, 660 

Reid, J. A., on centering of rich ore, 
412 

Rektor ore, 713 

Relations, Stratigraphic, of the Liv- 
ingston formation of Montana 
(Stone and Calvert), 551, 652, 741 

Replacement, at Dillsburg, Pa. 615; 
in igneous rocks, 121; in ore de- 
posits, 416; of minerals, 214 

Reptiles, 756 

Researoh methods, 671 

Reviews— 

Annual report on the minerat 
production of Virginia during 
the calendar year 1908 (Wat- 
son) Ransome, 281 

Elements of mineralogy, crystal- 
lography and blowpipe analysis 
from a practical standpoint 
ac and Parsons), Bayley, 


From prospect to mine (Ritter), 
Hess, 304 

Geologische Charakterbilder 
(Stille), Ejisberge und In- 
landeis in der Antarktis 
(Philippi), Ransome, 793 

Geology and mineral resources 
of New Brunswick (Ells), 
Leith, 67 ‘ 

Geology of ore deposits 
(Thomas), Bastin, 78 

Geology of the disseminated lead 
deposits of St. Francois and 
Washington Counties (Buck- 
ley), Ransome, 71 

Igneous rocks: composition, 
texture and classification (Id- 
dings), Ransome, 73 

Iron formation of Woman River 
area (Allen), Steidtmann, 49, 

Iron ore deposits of Vancouver 
and Texada Islands, British 
Columbia (Lindemann), Steidt- 
mann, 569 

Iron ore resources of the world, 
Holden, 

Iron ores, fuels, and fluxes of the 
Birmingham district, Alabama 
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(Burchard and Butts), Leith, 
197 

Iron ores, salt and sandstones 
(Grimsley), Steidtmann, 70 

Metallurgy of the common 
metals—gold, silver, iron, cop- 
per, lead and zinc (Austin), 
Campbell, 79 

Natural history of igneous rocks 
(Harker), Ransome, 73 

Notes accompanying lectures on 
geology applied to mining 
(Hancock), Bayley, 395 

Occurrence and origin of the 
brown iron ores of Spring Val- 
ley, Wisconsin (Allen), Steidt- 
mann, 304 

Outlines of geologic history with 
especial reference to North 
America (Willis and Salis- 
bury), Ransome, 79 

Paleozoic coalfields Of Holland 
(Van Waterschoot van der 
Gracht), White, 391 

Petroleum mining and oil-field 
development (Thompson), 
Johnson, 571 

Question of the origin of the 
iron ores in the older pre- 
Cambrian series of Sweden 
(Sjogren), Lindgren, 494 

Report on the chrome iron cre 
deposits in the eastern town- 
ships, Province of Quebec 
(Cirkel), Harder, 278 

Report on the iron ore deposits 
along the Ottawa (Quebec 
side) and Gatineau Rivers 
(Cirkel), Leith, 68 

Report on the iron ore deposits 
of Nova Scotia (Woodman), 
Leith, 66 

Soil fertility and permanent agri- 
culture (Hopkins), Willard, 


791 

Tables for thé determination of 
minerals by physical properties 
(Frazer and Brown), Bayley, 
570 

Through the Yukon ane Alaska 
(Rickard), Knopf, 1 

Zur Kenntniss der piiccdinttinns 
und wasserfreien Eisenoxyd- 
bildungen_ in den Sediment- 
aide (Stremme), Trueman, 


Rhodochrosite, 18 
Rhodonite, 18 
Rhyolite, 305, 322 
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Rhyolite-porphyry, 364 

Richmond group, 232-245 

Rickard, T. A., review of book by, 
196; on enrichment of ore deposits, 
128; on ore deposits, 120; on the 
Bendigo reefs, 109 

Ritter, E. A., review of book by, 304 

Rogers and Genth, on ore deposits, 
123 

Romer, F., on origin of Huelva ores, 
430 

Rosiclare sandstone, 378 

Rough Creek uplift, 380 


Sadisdorf ore deposits, 169 

Ste. Genevieve limestone, 378 

St. Louis limestone, 378 

Sales, R. H., Superficial alteration of 
the Butte veins, 15; discussion by, 
681 

Salines, 516 

Salt, West Virginia, 7 

Salt marsh formation near Boston 
and its geological significance 
(Davis), 623 

Salt marshes described, 624 

Salt thatch, 631 

Sandberger, on lateral-secretion, 563 

Sandstones, West Virginia, 70 

Sandstorm rhyolite, 304, 305 

San Pedro andesite, 323 

Santa Fe marl, 22 

Santa Rosa mine, 428 

Sauberg, view of, 268 

Sauberg tin deposits, 270 

Savage, T. E., Clay seams or so- 
called horsebacks near Springfield, 
Illinois, 178 

Scapolite, 147 

Schaller, W. T., analysis of anhydrite, 
524; on barite, 24 

Scheelite, 158, 161, 162, 721 

Schlieren, 706 

Schmidt and Preiseverk, on Cala ore 
deposits, 414 

Schmitz, E. J., on copper, 221; on ore 
deposits, 120 

Schofield, S. J., Recent literature on 
economic geology, 81 

Schiirmann, E., on precipitation of 
sulphides, 5-9 

Scientific notes and news, 90, 200, 
292, 306, 586, 604 

Scottish Chief tungsten mine, 163 

Sealed faults, oil in, 517 

Secondary enrichment, 13, 416; at 
Cananea, 354 

Secondary minerals, 726 

Sections—Alexo mine, 373; Bell mine, 
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Dillsburg, Pa. 609; coal seam, 
Springfield, Ill, 182; Combination 
ledge, 445; gas pool in arkose, 518; 
Goldfield district, 301, 308; Jauss 
mine, Dillsburg, Pa. 610; Lebo 
andesitic member, 752, 7543 Living- 
ston formation, interfingering, 752; 
Luossavaara, Lapland, 701 ; Mo- 
hawk ledge, 443; Mt. Roudny ore 
body, 258, 261; Nastapoka Islands, 
234; oil pool, sealed in by fault 
line, 518; pyrrhotite-serpentine, 
374; Rio Tinto lodes, 423; saline, 
517; salt marshes, 626; Santa Rosa 
lode, El Tinto, 428, 429 (see also 
Geologic sections) 

Sedimentary origin, criteria of, 140 

Sedimentation, pre-C ambrian, in 
Hudson Bay, 238 

Selective precipitation, 4 

Sericite, 621 

Serpentine, 374 

Shaler, N. S. 
marshes, 625 

Shearing, in porphyry, 367 

Shoots, ore, Some causes of (Pen- 
rose), 97 

Siderite, 524 

Siebert formation, 304, 306 

Silberling, fossils collected by, 755 

Silication of limestones, 188 

Siliceous rocks, influence on ore 
shoots, 119 

Sills, Huelva, Spain, 368; western 
Kentucky, 379 

Silurian, Huelva, Spain, 360 

Silver, 5, 17; native, 726; ores of, 17 

Simpson, J. F., on copper minerals, 
13; on rope ores of Butte, 420 

Singewald, , Jr., The Erzgebirge 
tin + Ok A "166, 265; The Mt. 
Roudny gold deposit, 257 

Sjogren, H., review of paper by, 
494; on ore deposits, 413 

Slate, 732 

Slate or phyllite, replaced by pyrite, 
415 

Smyser mine, 608 

Smythe, on derivation .of Keweena- 
wan copper, 472 

Soil fertility, 701 

Solly, R. H., on anglesite of Santo 
Domingo, 411 

Solutions, ore-bearing, 616 

Some causes of ore shoots (Pen- 
rose), 97 

Some commercial aspects of peat as 
a source of chemical products 
(Davis), 36 


, on origin of salt 


Sonora, Mexico, Cananea mining 
district of (Emmons), 312 

Sotiel mine, 424 

Source, of bog iron, 532 

South Mountain, structure of, 612 

Spain, The pyritic deposits of Huelva 
(Finlayson), 357, 403 

Spartina glabra, var, alterniflora, 631 

Spartina patens, 632 

Spearhead rhyolite, 304, 307 

Special problems and their study in 
economic geology, 670, 772 

Specularite, 707 

Spencer, A. C., on magnetite deposits 
in Pennsylvania, 603 

Sphalerite, 18, 29; oxidation of, 30 

Sphinx conglomerate, 762 

Spilsbury, E. G., discussion by, 780 

Spring, W., on iron hydroxide, 537 

Springfield, Illinois, Clay seams or 
pS gag horsebacks near (Sav- 
age), 178 

Springs, The hot, at Ojo Caliente 
and ‘their deposits (Lindgren), 2 

Spurr, J. E., on ore deposits, se 
on ores of Goldfield, 457 

Stanton, T. W., fossils identified by, 
652, 659; remarks on fossils, 741, 
742; on Ceratops beds, 748 

Statistical report on minerals in 
Canada, 642 

Steidtman, E., reviews by, 70, 394, 
499, 569 

Steiger, G., analyses by, 24, 139, 148, 


309 

Stephanite, 200 

Stevenson, J. J., discussion by, 781 

Stille, H., review of work by, 793 

Stokes, Hi. N., on action of pyrite 
and marcasite, 1, 8 

Stone, R. W., and Calvert, W. R., 
Stratigraphic relations of the Liv- 
ingston formation of Montana, 551, 
652, 741 

Stratigraphic relations of the Liv- 
ingston formation of Montana 
(Stone and Calvert), 551, 652, 741 

Stratigraphy, fluorspa' region of 
Kentucky, 377 

Stremme, H., review of paper by, 


499 

Structural theory, of oil accumula- 
tion, 505 

Structure, fluorspar region, western 
Kentucky, 379; Goldfield district, 
Nev., 310; Huelva district, Spain, 


3 
Structure and origin of the magne- 
tite deposits near Dillsburg, York 
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County, Pennsylvania (Harder), 
599 ey 

Stutzer, on apatitic iron ore, 710; 
on magmatic origin of iron ores, 


ay 

Subsidence, coastal, 634, 637; at Na- 
hant, 636 

Sulphide enrichment, 477, 558; cri- 
teria of, 678, 681; chemical, 215; 
miner ralogic, 209; textural, 217; 
geologic evidence Of; .. °2003- ‘at 
Huelva, Spain, 410 

Sulphide ‘enrichment, downward, Cri- 
teria of pentane 205 

Sulphide ores, 1; development of, 6; 
of Butte, Race, 19; of Goldfield, 
Nev., 453 

Sulphides, influence on ore shoots, 
120; order of solubility, 6 

Sulphides, Oxidation of (Buehler 
and Gottschalk), 28 

Sulphides, The fractional precipita- 
tion of (Wells), 1 

Superficial alteration, of ore deposits, 
125 

Superficial alteration of the Butte 
veins (Sales), 15 

Surface waters, effect on ore deposits, 
125 

Syenite, 324, 704 

Syenite-porphyry, 704; section, 706 

Syenite rocks, Lapland, 702 

Symbols, for oil maps, 274 

Synclines, 684 


Tables of precipitation of sulphides, 
—12 

Taconite, 237 

EN egg materials from peat, 57 

Tar, from peat, 43 

Tarr, W. A., Copper in the “ Red 
Beds” of Oklahoma, 221 

Teplitz quartz porphyry, 168 

Terrace structures, 514 

Tertiary eruptions, Goldfield district, 
304 

Tertiary formations, Goldfield, Nev., 
307 

Tertiary lavas, White River region, 
Alaska, 247 

Textural criteria of enrichment, 217 

Thallium, 6 

Thermal springs, 22 

Thomas, H. H., reviéw of book by, 


~ 


/ . 
et A. B., review of work by, 


Feeder Bay, Ontario, The occur- 
rence and origin of some bog iron 


deposits in the district of (Moore), 


528 


Tides, classification of, 630 


Tin, 5 
Tin deposits, Geyer, 267 


Tin deposits, The Erzgebirge (Singe- 
wald), 166, 265 

Tin-tungsten veins, in Great Britain, 
720 

Tinaja granite-porphyry, 327 

Titanite, 704 

Tomstown limestone, 612 

Topography, Butte copper area, 18; 
Cananea mining district, 312; Cuy- 
una district, Minn., 730; Erzge- 
birge, 166; fluorspar region of Ken- 
tucky, 377; Goldfield district, Nev., 
301; Huelva, Spain, 359; Okla- 
homa, Payne Co., 221; relation to 
ore bodies, 207 

Tourmaline, 523, 720 

Trachyte-porphyry, 365 

Tribune limestone, 378 

Trueman, J. D., review by, 499 

Tuff, 323, 668, 757 

Tuffaceous conglomerate, 757 

Tuffaceous sandstone, 747 

Tullahoma formation, 378 

Tungsten minerals from Montana, 
Notes on (Winchell), 158 

Tungstite, 162 

Turf, 633 

Turner, N. L., analysis, of limonite, 
530; of iron concretion, 532 

Twetzig, B., on the origin of Huelva 
ores, 430 

Twinning in quartz, 154 

Underwood mine, 605 

Unios, 750 


Van Hise, C. R., on deposition of 
ores, 99; on derivation of Keween- 
awan copper, 472; on enrichment 
of ore deposits, 128; on iron ore 
deposits of Lake Superior region, 
109, 119; on zeolitization, 253 

Van Hise and Leith, on Lake Super- 
ior iron ores, 237 

Van t’Hoff, on anhydrite, 525 

Van Vleet, A. H., on copper in “ Red 
Beds,” 226 

Van Waterschoot van der Gracht, 
W. A. J. M., review of report by, 
301 

Veins, Butte district, 17; at Ojo 
Caliente, 23; Erzgebirge tin de- 
posits, 173, 260; carrying tungsten 
ore, 159; in Great Britain, 719 
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Veins, Butte, Superficial alteration of 
(Sales), 15 

Vegetation, of salt marshes, 624 

Veta Grande shoot, 346 

Vichy springs, 27 

Villarello, J. D., on ore deposits, 462 

Vindicator rhyolite, 303, 304 

Vogt, J. H. L., on Huelva ores, 409, 
430; on ores in Norway, 255; on 
magmatic origin of ore deposits, 
101; on rocks of Spain, 363 

Von Cotta, B., on ore deposits, 120, 


123 
Vulcanism, in ore deposition, 564 


Walcott, C. D., on graphite mine, 136 
Wall rock, influence on ore shoots, 


113 

Wassuchnow, on dissociation pres- 
sures of cupric sulphide, 485 

Water, analysis of, 26; effect on ore 
deposits, 125 

— T. L., review of report by, 


W cad, W. H., on chalcocite, 210; on 
enrichment of ore deposits, 128, 
208; on influence of country rock 
on ore deposits, 119; on origin 
of New Jersey copper deposits, 
254; on Fort Union formation, 664; 
on the Laramie, 663; on L ittle Belt 
Mountains folio, 661; on the Liy- 
ingston formation, 552, 652 

Weigel, on solubilities of sulphides, 


7 

Wells, R. C., The fractional precipi- 
tation of sulphides, 1; discussion 
by, 479; on fractionation, 483; on 
hydrolysis of ferric sulphate, 480 

Western Kentucky, The fluorspar, 
reo and sinc deposits of (Fohs), 


Wi Bate on depth of enrichment, 411 

White, A. P., on inversion, 490 

White, D., review by, 391 

White, I. C., on anticlinal theory of 
oil accumulation, 503; on Eureka- 
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Volcano Burning Springs anticline, 
511; on oil near Grahamite, 518 
White River region, Alaska, The 
copper-bearing amygdaloids of the 

(Knopf), 247 

Willard, J. T., review by, 791 

Willis, B., and Salisbury, R. D., re- 
view of work by, 792 

Wilson, A. W. G., The Department 
of Mines of Canada, its organiza- 
tion and its work, 640; on Lauren- 
tian peneplain, 230 

Winchell, A. N., Notes on tungsten 
minerals from Montana, 158; dis- 
cussion by, 488; on oxidation of 
pyrite, 28 

Winchell, H. V., on ore shoots, 100 

Wittstein, on iron hydrate, 537 

Wolfram, 721 

Wolframite, 158, 169-173 

Woltereck process, 52 

Woodman, J. E., review of paper by, 


Wreford limestone, 222 
Wright and Larsen, on quartz as a 
geologic thermometer, 134, 152, 486 


Yellowstone formation, 661 


Zeolites, formation of, 253 

Zeolitization, 253 

Ziegler system for utilization of peat, 
41, 50 

Zinc, 5 

Zinc deposits of western Kentucky, 
The fluorspar, lead and (Fohs), 377 

Zine ores of Joplin district, 33 

Zinnwald ore deposits, 172 

Zone, of fracture, 565; of enriched 
sulphides at Huelva, Spain, 410; 
of oxidation, 207; at Butte, Mont., 
19; of solid flowage, 565 

Zostera marina, 625 

Zuber, R., discussion by, 194 

Zwitter, 169 

Zwitterstock, method of mining, 171 











le 
le 


nt 
a- 
n- 


S- 
of 


Nw 
Je 


ed 
0; 
t., 














